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Human polymorphonuclear neutrophils (PMNs) serve an important role in the 
human’s defense against foreign microorganisms. They are usually the first line of 
defense against these invaders. Primarily they kill the microorganisms by 
phagocytosing and then releasing microbicidal compounds into the phagosomes or 
they can generate reactive oxygen intermediates (ROIs) through the process of 
respiratory burst, which are toxic to the microbes. Evidences of their importance in 
the host defense mechanism are in the diseases, chronic granulomatous disease 
(CGD) and adult respiratory distress syndrome (ARDS). In the former, individuals 
have recurrent and often life-threatening microbial infections due to a decrease/lack 
in the ability to generate ROIs while in the latter case, it is caused by an over-active 
respiratory burst of the PMNs. It is thus useful to have a compound which can 
manipulate the respiratory burst of PMNs to our advantage. 
It has been found that a chromophore called MC540 selectively binds to the 
membranes of tumor cells. When tumor cells are treated with MC540 simultaneously 
with light (photodynamic therapy), these tumor cells undergo apoptosis. It has been 
suggested that these tumor cells undergo apoptosis as a result of the generation of 
ROIs. It has also been found that preactivating MC540 (pMC540) with light prior to 
addition to tumor cells also caused the same effect as in the case of photodynamic 
therapy.  
It was also found that pMC540 is a mixture of several compounds – C1, C2 
and C5. The treatment of tumor cells with C1 or C2 causes tumor cells to undergo 
apoptosis and that it is suggested that ROIs may play a role in the process. Thus we 
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decided to investigate the effects of pMC540 and one of its purified compounds C1 
on the respiratory burst of PMNs. We found that pMC540 caused an inhibitory effect 
on the production of hydrogen peroxide by the respiratory burst of PMNs but found 
no effect on the superoxide. We also found similar inhibitory effect on the hydrogen 
peroxide production by C1. In addition, we noted in the case of C1 there is an 
inhibitory effect on the superoxide production. We also found that the inhibitory 
effect of C1 on the hydrogen peroxide production was more pronounced than that of 
the superoxide production. 
As such, we hypothesize that the mode of action of C1 could be on 2 key 
enzymes involved in the respiratory burst – NADPH oxidase and superoxide 
dismutase (SOD). We then examined the effects of C1 on the 2 enzymes in cell-free 
system and found that there is a small but consistent inhibitory effect on NADPH 
oxidase but found no such effect on either the cytoplamic or the mitochondrial 
fraction of SOD. We also investigated the effects of C1 on PMNs viability as well as 
the ability to phagocytose opsonised Staphylococcus aureus and the ability to kill 
opsonised S. aureus. We found that C1 has no effect on the PMNs’ viability. The 
ability of PMNs to phagocytose the opsonised bacteria is not affected by the presence 
of C1 but we found a slight augmentation to the ability of the PMNs to kill opsonised 
bacteria. 
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Chapter 1 INTRODUCTION 
The human body has evolved to have two main defense systems against 
foreign invaders – the innate and adaptive immune systems. Any defects in any part 
of these two defense system renders the human host more susceptible to foreign 
invaders. The innate immune system unlike the adaptive immune system acts 
primarily as a first line of defense against any foreign invader. Immune cells such as 
macrophages, monocytes and polymorphonuclear neutrophils (PMNs) are part of the 
innate immune system.  
Generally upon infection, chemotactic factors such as bacterial products and 
complement fragments guide the neutrophils’ migration to the site of infection. 
Neutrophils which are the focus of this study helps the host destroy invading 
microbes by two main mechanisms. Thereupon, they phagocytose the foreign invader 
and release the contents of their granules into the phagosome. The contents of the 
granules cause lysis of the foreign invader. They can also release the contents of their 
granules into the surrounding tissue. This constitutes the non-oxidative killing 
mechanism of the neutrophils. 
However, neutrophils can also generate reactive oxygen intermediates (ROIs) 
through NADPH oxidase and other enzymes. Other toxic substances such as 
hydrogen peroxide and hypochlorous acid can also be generated from these ROIs 
through the action of superoxide dismutase and myeloperoxidase respectively. This is 
the respiratory burst of neutrophils. ROIs as well as the other toxic substances when 
released into the phagosome usually result in the destruction of the foreign invader. 
Like the components of non-oxidative pathway, these substances can also be released 
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into the surrounding tissues. As a result, host cells may also be damaged by these 
substances as they are non-specifically toxic. This constitutes the oxidative killing 
mechanism of the neutrophils. It is suggested that several diseases most notably, adult 
respiratory distress syndrome (ARDS) are mediated by this release of toxic 
substances into the surrounding tissues. ARDS may lead to scarring of the lung 
tissues. In severe cases, the patient can die from asphyxiation and its mortality is as 
high as 70%. 
Although normal levels of oxidative killing are important in helping the host 
in PMN killing of microbes, it would be to our advantage to manipulate the 
respiratory burst of neutrophils especially in the case of ARDS. 
Preactivated merocyanine 540 (pMC540) has been shown to cause apoptosis 
in a variety of tumour cell lines. In addition, it has been suggested in one study that 
the levels of superoxide dismutase in a cell mediates the responsiveness of the cell to 
anti-cancer compounds like pMC540, daunorubicin and epotoside. In this study, it 
was shown that a variant of the human melanoma cell line M14 which had been 
engineered to overexpress superoxide dismutase, had a higher rate of apoptosis if 
incubated in the presence of pMC540, in comparison to normal M14 cells 
preincubated with pMC540, which have normal expression levels of superoxide 
dismutase. 
C1, C2 and C5 are 3 compounds which can be purified from pMC540. C1 and 
C2 have been shown to induce caspase 8-dependent apoptosis in tumor cell lines 
while C5 has no effect on these lines. It was found that although C5 does not induce 
apoptosis in tumor cell lines, like C1 it causes mitochondrial swelling and release of 
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mitochondrial cytochrome c. Thus another study was done to explain why although 
C5 causes mitochondrial swelling like C1, it does not also induce apoptosis. It was 
found that C1 and C2 induce intracellular acidification brought on by the inhibition of 
the membrane-bound Na+/H+ exchanger due to increase in intracellular levels of 
H2O2. This is preceded by an increase in intracellular levels of O2-  produced by the 
mitochondria. However, when C5 was investigated, it was found that it does not 
induce the intracellular acidification seen in C1and C2. 
Having shown that these compounds caused increased intracellular levels of 
O2- or H2O2, and that such ROIs have been implicated in some diseases, we 
hypothesized that the compounds could be used to manipulate the respiratory burst of 
neutrophils and perhaps serve as a treatment of diseases caused by overproduction 
these ROIs. We preincubated purified neutrophils from humans with pMC540 as well 
as purified C1 and we investigated their effects on the production of superoxide and 
hydrogen peroxide by the activated neutrophils. We found that pMC540 cause a 
decrease in hydrogen peroxide production while no effect was noted for superoxide 
production. However C1 caused the production of both hydrogen peroxide and 
superoxide to be reduced without any significant loss in the viability of the 
neutrophils. The effect of C1 on the production of hydrogen peroxide is greater than 
that on superoxide production. This suggests that the action of C1 is more significant 
on the hydrogen peroxide producing enzyme – superoxide dismutase. 
We next decided to look at the activity of C1 on superoxide dismutase and 
NADPH oxidase, which are the 2 primary enzymes involved in the production of 
ROIs, by extracting the enzymes from neutrophils. In addition, a study on the 
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phagocytic and killing abilities of the neutrophils pre-treated with C1 was 
investigated.
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Chapter 2 SURVEY OF LITERAURE 
2.1 Immune System and Neutrophils 
The human body faces daily attack by a wide range of microorganisms and 
has evolved 2 major defense systems: the innate and adaptive immune systems. The 
innate immune system serves as a first-line of defense against invading microbes 
while the adaptive immune system is triggered when the foreign invaders have 
resisted elimination by the innate defenses. The adaptive immune system 
“remembers” that a particular invader has invaded the body before and thus it 
removes the same threat more efficiently on subsequent encounters. These 2 defense 
systems are very important in ensuring the survival of the host and thus defects of 
either or both of these defense systems may lead to disease, or even death of the host. 
The adaptive immune system comprises 2 types of cells: T and B 
lymphocytes. Each of them serves a specific purpose but they also interact with each 
other to ensure efficient clearance of the invader. B cells produce antibodies which 
are highly specific for antigens present in, or produced by, the foreign invader. These 
antibodies serve to bind to specific antigens and in doing so neutralize toxins. T cells, 
like B cells also specifically recognize the antigens present on the invader but only 
after cleavage and presentation in the context of major histocompatibility (MHC) 
molecules found on most human cells to efficiently recognize and bind to such 
infected cells. The innate immune system includes “professional” phagocytic cells 
such as macrophages; monocytes; and polymorphonuclear neutrophil leukocytes 
(PMNs) (or in short neutrophils), the subject of this investigation. PMNs are a major 
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component (approximately 95%) of the circulating granulocytes (Roitt, 1998). Both 
monocytes and neutrophils are able to migrate into tissues and exert their effects 
there. 
Neutrophils are short-lived (2-3 days in the blood). Their usual mode of action 
on invaders is to engulf the invader into a membrane-bound compartment, and 
subsequently release contents of their granules into this phagosome. Circulating 
monocytes also migrate into the tissues where they localize as longer-lived 
macrophages, which have both phagocytic and “sentinel” functions. In the latter role, 
they signal the presence of invading microbes to other components of the immune 
defenses, including PMNs. 
2.2 Cytokines and Chemokines 
In the presence of a stimulus, small proteins called cytokines are released by 
various cells in the body. They will induce the appropriate immune response through 
binding to specific receptors found on various cells. Each can affect the behavior of 
the cell that releases it (autocrine), or adjacent cells (paracrine), or distant cells 
(endocrine function). There are two major classes of cytokines – hematopoietin 
family which includes growth hormones as well as interleukins involved in the 
immune system and the TNF family (Janeway et. al., 2005) 
Chemokines are chemoattractant cytokines which induce chemotaxis in nearby 
cells. IL-8 (CXCL8) is an example of a chemokine. Their function is mainly to recruit 
monocytes, neutrophils and other effector cells to the site of infection although they 
may also guide lymphocytes as well as their development. Chemokines like IL8 not 
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only induce the migration of leukocytes into tissues but also set up a chemokine 
gradient along which the cells will migrate (positive chemotaxis). In addition, IL8 
upregulates various functions of the appropriate target cells (such as neutrophils). 
Thus IL8 is a potent chemokine that not only causes the recruitment and migration of 
neutrophils to the site of infection but it also activates the cells. 
However, chemokines alone cannot effectively promote cell recruitment. They 
require other cytokines such as TNF-α to act in concert. The function of TNF-α is to 
induce the appropriate adhesion molecules to be expressed on local endothelial cells. 
2.3 Cell Adhesion Molecules 
As discussed in the previous section, cell adhesion molecules are required for 
effective recruitment and migration of leukocytes. The three important groups of 
adhesion molecules involved in cell recruitment are selectins (such as P-selectin), 
integrins (such as CD11b/CD18) and the Ig superfamily (such as ICAM-1). 
2.4 Priming of PMNs 
Priming of PMNs is a process of “arming” the neutrophils, but does not yet 
activate them. Many cytokines are known to prime PMNs such as GM-CSF, INFγ 
and TNF. The process of priming the cells enhances the amount of respiratory burst 
when the cells are exposed to a second unrelated stimulus. This exposure to the 
second stimulus causes the cells to become activated which is discussed in Section 
2.5. As a result of the priming of cells, it allows the onset of respiratory burst to be 
more rapid. This suggests that a necessary step in the signaling pathway has already 
been accomplished due to the primed status. 
MANIPULATION OF POLYMORPHONUCLEAR NEUTROPHIL RESPIRATORY BURST 
SURVEY OF LITERATURE 
8 
2.5 Activation of Neutrophils and its Migration 
Neutrophils migrate from the peripheral circulation to their destination 
through the interaction of chemoattractants with the neutrophils plasma membrane 
receptors. Through signal transduction, the signals are transmitted into the neutrophils 
which then cause biochemical reactions to occur such as coupling of guanine 
nucleotide regulatory proteins (G proteins) to chemoattractant receptors and 
activation of protein kinases. Neutrophils that are activated by chemoattractants 
undergo morphological as well as biochemical changes. 
The process of leukocytes migrating out of the blood vessel is known as 
extravasation and occurs in 4 sequential steps as shown in Figure 2-1. If microbes 
invade the tissue, local blood vessels at the inflammation site will vasodilate and the 
leukocytes will move near to the endothelium cells due to the slower blood flow. 
Firstly, cytokines such as TNF-α or complement factors or histamines will cause 
rapid externalization of granules in the endothelium cells which contains P-selectin. 
After which, E-selectin is synthesized and expressed on the same cells; both of these 
interact with counter-ligands found on neutrophils. These interactions allow 
neutrophils to reversibly adhere to endothelium cells lining the blood vessels. This 
causes the neutrophils to “roll” along the endothelium and allows for stronger 
interaction to occur in the next step. 
It is also hypothesized that the actin of the microfilamentous cytoskeleton is 
involved in the migration of stimulated neutrophils. Findings that support this 
hypothesis are the fact that substances that block actin polymerization, such as 
cytochalasins and botulinum C2 toxin inhibit neutrophils migration in vitro (Zigmond 
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et al 1972; Norgauer et al 1988). In addition, patients suffering from actin 
dysfunction or with abnormal concentrations of microfilamentous cytoskeleton 
proteins that affect actin polymerization have severe cell motility defects. 
 
Figure 2-1 Diagrammatic representation of neutrophils extravasating from blood to site of 
inflammation. (Taken from Janeway et.al., 2005) 
In the second step, ICAM-1 is expressed strongly in endothelium cells due to 
the presence of cytokines such TNF-α which binds to CD11b/CD18 found on 
neutrophils. IL8 induces a conformation change in the CD11b/CD18 which allows for 
a much stronger binding with ICAM-1 thus causing the neutrophils to attach firmly to 
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the endothelium and the “rolling” action is stopped. Thus cells that do not exhibit 
normal amounts of β2 integrins (e.g. CD11b/CD18) like in the case of congenital 
leukocyte adhesion deficiency (LAD) syndrome have elevated levels of circulating 
PMNs. Such cells are unable to respond normally to chemoattractants and are unable 
to bind and cross the endothelium at the sites of infection. 
Thirdly, the neutrophils will extravasate and this process also involves 
CD11b/CD18 as well as PECAMS which are expressed on the intercellular junction 
of endothelium cells. This interaction between CD11b/CD18 and PECAMS allow the 
neutrophils to squeeze its way through the spaces between the endothelium cells. 
Then it moves through the basement membrane and enter the subendothelial tissues 
and this process is know as diapedesis. Finally, the neutrophils will migrate to 
inflammed tissues due to the chemokine gradient: positive chemotaxis. 
2.5.1 Phagocytosis and Granules 
While the neutrophils migrate to the site of infection, microbes may become 
opsonised. Opsonisation of microbes occurs when the microbe is coated with 
antibodies and/or complement components (such as bound C3b and iC3b) and this 
allows for the recognition and enhances the interaction between the neutrophils and 
the microbe later on. Typically for most opsonised particles, iC3b is recognized by 
the CD11b/CD18 receptor found on neutrophils. However this interaction only 
enhances the attachment of the microbe to the neutrophils: it does not enhance the 
ingestion process. Ingestion requires the presence of antibodies (Metzger, H., 1990) 
and the antibodies can also act as ligands for binding of the microbe to the 
neutrophils. Once attachment of the opsonised microbe and the PMN occurs, the 
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microbe is internalized in phagosomes that fuse with granules forming 
phagolysosomes. Killing of the microbe occurs in these phagolysosomes. The whole 
process of attachment of the opsonised microbe to the PMN and its subsequent 
internalization in phagosome is called phagocytosis.  
Neutrophils contain 2 main types of granules: primary and secondary. Primary 
granules contain substances such as acid hydrolases, myeloperoxidase and 
muramidase (lysozyme). The secondary granules contain substances such as 
lactoferrin, bacterial permeability-inducing protein (BPI), defensins, as well as 
lysozyme. In addition to releasing contents of their granules intracellularly, they can 
also release them to extracellular environment. This constitutes the non-oxidative 
killing mechanism of activated neutrophils. 
2.6 Oxidative Killing Mechanism of Activated Neutrophils 
As mentioned previously, one of the killing mechanisms of activated 
neutrophils is the non-oxidative pathway. Another way in which activated neutrophils 
kill is by the oxidative pathway. This involves the generation of superoxide from 
extracellular molecular oxygen through the enzyme complex, NADPH oxidase. 
Assembly of the NADPH oxidase complex (Fig. 2-2) (Segal, 1989; Clark, 1990, 
Smith et al, 1991) only occurs when neutrophils are activated by the attachment of 
chemoattractants or cytokines with the receptors on the plasma membrane of the 
neutrophils. 
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Figure 2-2 NADPH oxidase complex and where it can be found. Taken from Fig. 1 in Dahlgren et 
al, 1999. 
The active enzyme complex allows the generation of superoxide, O2- through 
the transfer of electrons from cytosolic NADPH to the NADPH oxidase complex 
(Dinauer, 1993) and then to the molecular O2 which is reduced to superoxide while 
NADPH is oxidized (Figure 2-3). It was originally found that neutrophils actively 
performing phagocytosis consumed large amounts of O2 which is reduced following 
the assembly of the NADPH oxidase complex either at the phagosomal membrane or 
the plasma membrane of the neutrophils (Sbarra et al; 1959; Iyer et al, 1961). 
++⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ →⎯ +++ − HONADP
oxidaseNADPH
ONADPH 22 22  
Figure 2-3 Conversion of molecular oxygen, O2 to superoxide, O2- by NADPH oxidase complex. 
Taken from McPhail et al, 1993. 
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The superoxide formed can then be rapidly converted to hydrogen peroxide, 
H2O2 by superoxide dismutase. Other toxic substances can then be formed 
subsequently through further reactions (Fig. 2-4). These toxic moieties including 
oxygen radicals contribute to the neutrophils’ killing properties. 
 
Figure 2-4 Various toxic substances and oxygen radicals generated in stimulated neutrophils. 
Modified from Fig. 1 in Hampton et al, 1998. 
Superoxide itself has been shown to play a role in oxidative killing of foreign 
invaders. Two hypotheses have been put up to explain its role. One is that it acts 
mainly as a precursor of microbicidal H2O2, and the other is that it directly kills the 
invader itself. Several studies have shown that the latter hypothesis is correct 
(Johnston Jr. et al, 1975): it was shown that the addition of superoxide dismutase into 
phagocytosing neutrophils which would scavenge all the superoxide produced by the 










MANIPULATION OF POLYMORPHONUCLEAR NEUTROPHIL RESPIRATORY BURST 
SURVEY OF LITERATURE 
14 
study demonstrates that the decrease in the amount of superoxide in the PMNs caused 
the decrease in the rate killing. Furthermore, the increase in hydrogen peroxide due to 
the increase in the dismutation of superoxide by the addition of superoxide dismutase 
did not increase the rate of killing. 
Hydrogen peroxide formed from O2- by superoxide dismutase is subsequently 
converted to hypochlorous acid, HOCl by PMNs’ myeloperoxidase (MPO). It was 
found in several studies that myeloperoxidase-deficient human neutrophils have poor 
ability to kill certain microorganisms (Lehrer et al, 1969; Klebanoff et al, 1972; 
Kitahara et al, 1981). In addition, inhibitors of MPO such as sodium azide, cyanide 
and salicylhydroxamic acid reduce the ability of the neutrophils to kill microbes 
(Hampton et al, 1996; Klebanoff, 1970; Humphrey et al, 1989). One reason why 
other toxic substances such as HOCl are formed in addition to O2- and H2O2 is that 
many microorganisms produces enzymes that destroy H2O2. One of them is 
Staphylococcus aureus which produces catalase that converts H2O2 into harmless 
water and oxygen (Thomas et al, 1988). HOCl appears to be one of the major toxic 
substances produced by neutrophils (Weiss, 1989) and is highly reactive: it is able to 
target many biological substances such as amino acids and nucleotides (Clark et al, 
1975). Reaction with amines produces long-lived chloramines, which are also 
microbicidal. 
It has been observed that nitric oxide is produced by murine macrophages in 
response to cytokines (Nathan et al, 1991) but this has not been consistently observed 
in human neutrophils isolated from peripheral blood (Denis, 1994; Schmidt et al, 
1989; Carreras et al, 1994; Krishna Rao et al, 1992; Padgett, 1995; Yan et al, 1994). 
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One possible reason is that the in vitro conditions needed to induce inflammation 
necessary for the production of nitric oxide have not been found. Secondly, as both 
myeloperoxidase and HOCl can oxidize nitrite (van der Vliet et al, 1997; Klebanoff, 
1993), neutrophils may not need their own source of nitric oxide to produce reactive 
nitrogen species. It is thus hypothesized that nitric oxide may play a significant role in 
the oxidative killing mechanism but until human neutrophils can be induced in vitro 
to produce nitric oxide, its relevance and its reaction with superoxide to produce 
peroxynitrite cannot be assessed. 
It is also observed that prior exposure of PMNs to chemoattractants increases 
the amount of respiratory burst of PMNs in response to a second unrelated stimulus. 
This process is called priming (see above, Section 2.4). In one study, it was found that 
prior exposure to TNF-α augments the degranulation and respiratory burst of PMNs 
(Binder et. al., 1999). In another study, preincubation of PMNs with IFN-γ increases 
the amount of chemiluminescence when opsonised Pneumocystis carinii was used to 
activate the primed PMNs. This shows that there is an increase in the amount of total 
respiratory burst as measured by amplified chemiluminescence (Taylor and Easmon, 
1991). 
2.6.1 NADPH oxidase 
As stated in section 2.3, activation of the NADPH oxidase complex requires 
assembly of components at the membrane possibly together with Rac2. The 
disassembled enzyme complex consists of several components – 2 membrane-bound 
and 3 cytosolic elements (Babior, 2004). The 2 membrane-bound components are 
g91PHOX and p22PHOX and the 3 cytosolic components are p67PHOX, p47PHOX and 
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p40PHOX. In addition, a low-molecular weight G protein (possibly rac 2 or rac1) is 
needed. 
The g91PHOX is an essential component of the enzyme complex as it contains 
the required electron-carrying molecules needed to reduce molecular oxygen to 
superoxide. The electron-carrying molecules include flavin adenine dinucleotide 
(FAD) which is known to be very efficient in the one-electron reduction of molecular 
oxygen (Han and Lee, 2000). It was found in a study that HL-60 cells (a 
promyelocytic cell line), when infected with human granulocytic ehrlichiosis (HGE) 
agent did not produce superoxide (Rila et al, 2000). Further investigations using 
FACS and RT-PCR found that the organism reduced the amount of g91PHOX in 
infected cells and inhibited mRNA expression of the g91PHOX. p22PHOX is the other 
membrane-bound component but it also has a tail protruding into the cytosol (Dinauer 
et.al, 1990) which will bind to phosphorylated p47PHOX. 
p47PHOX transports the cytosolic components of the complex to the membrane 
components to form the activated enzyme complex. However, unlike the g91PHOX, it 
is not absolutely required as it has been shown that at sufficiently high concentration 
of p67PHOX, generation of superoxide is possible in the absence of p47PHOX (Freeman 
and Lambeth, 1996). It has also been shown that phosphorylation of p47PHOX by 
protein kinase C (Inanami et al, 1998; Johnson et al, 1998), is required in leukocytes 
in order for it to carry out its function. 
p67PHOX is generally thought to be an accessory protein but an essential one. 
However, one study showed that p67PHOX catalyses the transfer of electrons to 
electron acceptor dyes but not to that of molecular oxygen (Dang et al, 1999). This 
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seems to suggest that it might be indirectly involved in the production of superoxide. 
Indeed in a later study (Dang et al, 2001) demonstrated that p67PHOX binds directly 
with cytochrome b558. It is this interaction between the 2 molecules that allows the 
activation of electron flow in the cytochrome b558 to occur. In addition, in the same 
study, it was found that there is an increase in the amount of association between the 
2 molecules in the presence of Rac 1. Not much is known about the function of 
p40PHOX at this time but it seems to not be essential for the activity of NADPH 
oxidase enzyme complex. This is suggested by the observation that no form of 
chronic granulomatous disease is attributed to the lack of it unlike the 4 other 
components (see below). 
It has been found that sulfhydryl groups are important for the function of the 
NADPH oxidase. For example, it was shown that 4-hydroxynonenal (a naturally 
occurring sulfhydryl blocker) inhibited the enzyme complex (Siems et al 1997). Both 
NO. and nitrosothiols also inhibit the enzyme complex. Their mode of action seems to 
be that they interact with the cysteine-SH groups found in the enzyme complex 
(Babior, 1999). Furthermore, some studies have suggested that the enzyme complex 
acts as a electrogenic enzyme and its activation is related to the opening of a channel. 
This channel allows the proton which is generated from the formation of the 
superoxide free radical, to leave the cell (Henderson et al, 1987). It is also suggested 
that failure of opening of such a channel could lead to the inactivation of the enzyme 
complex (Nanda et  al, 1993). 
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2.6.2 Superoxide Dismutase 
Generally, there are two major forms of mammalian superoxide dismutase 
(SOD) enzymes. They employ different cofactor cations, one isoenzyme being 
copper-zinc dependent and the other requiring manganese ions. They are therefore 
described as CuZnSOD and MnSOD respectively. McCord and Fridovich (1969) first 
discovered that the enzyme can catalytically dismute superoxide radical. CuZnSOD is 
a highly stable enzyme which remains stable and active even after organic extraction 
using solvents like chloroform and acetone (Barry and John, 2001). It is also fairly 
resistant to treatments of proteases, sodium dodecyl sulphate and urea. In addition, in 
most sources of CuZnSOD the rates of dismutation remain relatively constant over a 
wide pH range. In further studies, it was found that the CuZnSOD is found in almost 
all eukaryotic cells and that it is usually found in the cytosol. 
MnSOD is different from CuZnSOD in many ways. Unlike the CuZnSOD, it is 
destroyed by treatments with chloroform. MnSOD is also easily denatured by 
detergents and its rate of dismutation decreases at alkaline pH. Also, MnSOD is 
insensitive to cyanide unlike CuZnSOD. This property is thus use to differentiate the 
2 types of SOD. It also occupies a different subcellular compartment, it being found 
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Superoxide Dismutase in Mammalian Cells 
Coenzyme cation(s) CuZnSOD MnSOD 
Location Cytosol Mitochondrial matrix
Chloroform, Detergents Stable Destroyed 
Cyanide Inhibited Not Inhibited 
Table 2-1 Differences in properties of isoenzymes of SOD found in mammalian cells. 
2.7 Other functions of ROIs 
It has been suggested in several studies that ROIs, in addition to their 
antimicrobial effects, may participate in signaling cells to proliferate (Murrell  et al, 
1989). Some studies also suggested that ROIs may be involved in gene expression 
through their activation of intracellular kinases (Klann et al, 1998). This in turn leads 
to the activation of transcription factors (Schulze-Osthoff et al, 1995) which 
ultimately leads to expression of various genes. Furthermore, it has been shown that 
in several human tumors cells MnSOD’s activity is reduced (Oberley and Buettner, 
1979) thus suggesting that the tumor cells may inhibit the activity of MnSOD which 
would cause the reduction in the production of hydrogen peroxide. As a result of this 
reduction in hydrogen peroxide the tumor cell escapes apoptosis. 
2.8 Neutrophils as a Mediator of Disease 
Neutrophils may cause diseases by inappropriate overactivity of their 
respiratory burst (Leff et al, 1993) (Table 2-2). Diseases such as adult respiratory 
distress syndrome (ARDS), ischaemia-reperfusion injury (a key pathological 
mechanism causing tissue damage in myocardial infarction), rheumatoid arthritis, 
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asthma and others involve tissue injury which is primarily mediated by neutrophils. 
Such tissue damage can be due to several factors such as PMN granular enzymes, 
arachidonic acid metabolism products, and ROIs and their metabolites including 
hypochlorous acid. 
Table of Diseases where neutrophils may be a causal agent 
1. Adult Respiratory Distress Syndrome 
(ARDS) 
10. Neutrophil dermatosis 
2. Ischaemia-reperfusion injury 11. Thermal injury 
3. Emphysema 12. Chronic bronchitis 
4. Rheumatoid arthritis 13. Bronchiectasis 
5. Immune vasculitis 14. Cystic fibrosis 
6. Gout 15. Atherosclerosis 
7. Glomerulonephritis 16. Psoriasis 
8. Inflammatory bowel disease 17. Malignant neoplasm at sites of 
inflammation 
9. Asthma 
Table 2-2 Diseases in which neutrophils have been implicated as a casual agent of tissue damage. 
Modified from Table 7.1 in Leff et al, 1993. 
In such injuries, neutrophils direct the contents of their granules into the 
extracellular environment instead of internally into the phagocytic vacuoles. One of 
the reasons suggested to explain why stimulated neutrophils also release ROIs into 
the extracellular environment instead of into the phagosome is the concept of a 
‘frustrated phagocyte’ (Henson, 1972). It is described as a situation where neutrophils 
cannot phagocytose very large targets such as damaged epithelial surfaces and thus 
continuously produce large amounts of extracellular ROIs. 
In addition to over-zealous neutrophils causing tissue damage, neutrophils that 
lack the ability to generate ROIs can also cause problems to the human host such as in 
the case of chronic granulomatous disease (CGD) which characteristically results in 
an abnormally low neutrophils oxidative response, thus rendering the host more 
susceptible to a variety of bacterial and fungal infections (McPhail et al, 1993). 
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2.8.1 Adult Respiratory Distress Syndrome (ARDS) 
Adult respiratory distress syndrome (ARDS) is triggered by a variety of 
factors including severe sepsis, and characterized by the abundance of stimulated 
neutrophils in lung biopsies and bronchial washings of such patients. Its mortality is 
as high as 70%. It was noted that in both humans (Craddock et al, 1977a) and animals 
(Craddock et al, 1977b) that during hemodialysis, there was neutrophil-mediated lung 
damage mediated by complement activation. Not surprisingly, ARDS is rarely 
reported in neutropaenic patients, who have low or absent circulating neutrophil 
numbers. In mouse models, it was also shown that neutrophil-depleted animals 
develop less lung injury when exposed to hyperoxia than normal mice (Folz et al, 
1999). 
It is hypothesized that ROIs primarily mediate the development of ARDS. 
Attenuation of sepsis-induced lung injury is observed in guinea pigs in which 
NADPH oxidase of the neutrophils have been inhibited by apocynin (Wang et al, 
1994). Further evidence that ARDS is mediated by ROIs is that in ARDS patients, the 
blood levels of antioxidants such as beta-carotene, ascorbate and selenium were lower 
than those of normal controls, presumably as a result of consumption in the lungs 
(Metnitz et al, 1999). In addition, the plasma lipid peroxidation level was 
significantly higher than those of normal people, also suggesting an excess of oxidant 
production in ARDS cases. 
Grum et al (1987) showed that patients with ARDS have increased levels of 
H2O2 in their expired air compared to normal people. Furthermore, Shasby et al 
(1982) showed that when dimethylthiourea, a potent •OH, H2O2 and HOCl scavenger, 
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was added to phorbol myristate acetate (PMA)-stimulated neutrophils, it prevented 
the subsequent development of PMA-stimulated neutrophils-induced lung odema 
when these were subsequently introduced into isolated perfused rabbit lungs. 
Many reasons have been suggested to explain why ROIs cause damage to the 
lungs. Firstly, ROIs may cause damage to proteins, membrane lipids and nucleic 
acids. Damage to membrane lipids can cause the cell membrane to lose its structural 
integrity. Damage to proteins may be for several reasons. ROIs may affect amino acid 
residues and cause a change in the protein conformation, and ultimately induce 
denaturation of the proteins. It may also render the protein more susceptible to 
hydrolysis. Secondly, depending on the amount of oxidative stress experienced, it 
may cause the cells exposed to these oxidants to undergo apoptosis (Lenon et al, 
1991). Oxidants can also affect macromolecular barrier functions in epithelial or 
endothelial cells thus leading to pulmonary edema (Berman et al, 1993). Also, H2O2 
and O2- may increase leukocyte adhesion to endothelium as they may function as 
messengers within cells and initiate the production of chemotaxins (DeForge et al, 
1993) or it may be due to the activation of nuclear factor-kappaB (NF-κB)-mediated 
transcription of the integrin genes (Sellak et al, 1994). 
2.8.2 Chronic Granulomatous Disease (CGD) 
Neutrophils with decrease or absent in ability to generate ROIs can also cause 
problems to the host. As mentioned in Section 2.3.1, NADPH oxidase complex 
consists of 3 cytosolic proteins p40 PHOX, p47PHOX and p67 PHOX and the membrane-
associated cytochrome b558. 2 genes codes for the 2 cytosolic proteins. Cytochrome 
b558 consists of 2 subunit components, p22PHOX and a 91kDa glycoprotein (gp91PHOX). 
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Each of the components is encoded for by one gene. In a study done by Clark et al 
(1989), it was found that most CGD patients have a defect in the gene coding for 
gp91PHOX, and this gene was located on the X chromosome (Francke et al, 1985). 
Further studies show that all patients with CGD have defects in one of these genes for 
p47PHOX, p67 PHOX, p22PHOX and gp91PHOX(Smith et al, 1991). 
Patients with CGD suffer from recurrent and life-threatening bacterial and 
fungal infections from early childhood as it is mediated by defects in the 
abovementioned genes. Many microorganisms remain viable within the phagosome 
since no superoxide or H2O2 is formed. 
2.9 Apoptosis 
Apoptosis (programmed cell death) is characterized by DNA fragmentation, 
chromatin condensation, cell shrinkage and finally disassembly into membrane-
enclosed vesicles called apoptotic bodies (Nancy et al, 1998). It is to be distinguished 
from the disorganized process of necrotic cell death. In vivo, the apoptotic bodies are 
engulfed by other cells so as to prevent problems associated with the release of the 
intracellular contents. Caspases have been shown to be effectors of apoptosis. One 
possible way in which caspases mediate apoptosis is the inactivation of proteins 
which normally protect the cells from apoptosis. One example is the cleavage of ICAD 
by caspases. ICAD is an inhibitor of the nuclease responsible for DNA fragmentation 
CAD (caspase-activated deoxyribonuclease). In non-apoptotic cells, CAD is 
associated with ICAD which prevents CAD from acting on DNA. However, in 
apoptotic cells, the ICAD is cleaved from CAD, thus allowing CAD to fragmentize the 
DNA (Enari et al, 1998). 
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However, things are not so simple. CAD which is synthesized in the absence 
of ICAD is not active. This seems to suggest that ICAD-CAD complex is formed co-
translationally and ICAD is required to activate and as well as inhibit CAD. Another 
protein which is thought to protect the cell from apoptosis is Bcl-2 (Cotran et al, 
1999). Caspases would cleave Bcl-2 and inactivate it but it is also thought that one of 
the cleaved fragments actually promotes apoptosis (ibid). 
Caspases can also directly mediate apoptosis by causing disassembly of 
certain cell structures such as the nuclear lamina, which is involved in chromatin 
organization. Caspases may cleave the nuclear lamina during apoptosis and cause the 
lamina to collapse and this leads to chromatin condensation. They may also affect 
proteins involved in DNA repair or DNA replication. Thus by interfering with DNA 
repair and replication systems, it promotes cell disassembly. 
It is hypothesized that apoptosis is activated through a cascade system where a 
proapoptotic signal induces the activation of an initiator caspase such as caspase 8 
which is associated with apoptosis involving a death-receptor (e.g. Fas[CD95] by 
ligand) (Webb et al, 1997) or caspase 9 which induces apoptosis in the presence of 
cytotoxic drugs. Through the action of the initiator caspases, the effector caspase, 
caspase 3, which causes apoptosis to take place, is activated (Coltran et al, 1999). 
Having shown how apoptosis may be activated in a cell, an explanation as to how 
some tumor cells are able to prevent apoptosis in the presence of chemotherapy drugs 
which are supposed to be cytotoxic is suggested. Some tumor cells escape from 
apoptosis in the presence of chemotherapy drugs due to defects in the signaling 
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pathways leading to caspase activation: for example, anti-apoptotic events such as 
p53 mutation, or an overexpression of Bcl-2. (Johnstone et al, 2002) 
 
Figure 2-5 Possible ways to induce apoptosis in tumor cells which are resistant to chemotherapy. 
Taken from Fig. 4 in (Nancy et al, 1998) 
Thus in order to induce apoptosis in such tumor cells, 2 therapeutic ways have 
been suggested as shown in Fig. 2-4. Firstly, the new therapeutic drug can target the 
death-receptor complexes thus leading to the activation of the apoptosis initiator, 
caspase 8 (Shortcut 1). Another way suggested is to bypass the blockage due to anti-
apoptotic events as mentioned earlier, thus allowing the cell to regain the ability to 
undergo apoptosis (Shortcut 2). 
2.10 Preactivated Merocyanine 540 (pMC540) and its purified 
compounds 
In view of the suggestions made in the above section, photoactivated or pre-
activated merocyanine 540 (pMC540) was used to study its effect on tumor cell lines. 
Merocyanine 540 (MC540) was originally used in studies as a fluorescent probe 
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(Chiu et al, 1982; Sarita et al, 1991; Valinsky et al, 1978). Later it was shown that 
MC540 selectively stains membranes of leukaemic and immature haemopoietic cells. 
Through photodynamic excitation of a variety of in situ chromophores, reactive 
oxygen radicals generated from such procedure such as O2- were used in the clinical 
setting to target microorganisms as well as tumor cells (Pervaiz, 2001). This kind of 
therapy is termed photodynamic therapy where there is an absolute requirement to 
simultaneously expose both the subject and the in vivo chromophore to light. Due to 
its selective binding to leukaemic cells and its action as a fluorescent probe or 
chromophore, it has been hypothesized that photoactivated MC540 may have a 
therapeutic effect especially on tumor cells. 
A study examined the effect of in situ photoactivated MC540 on human 
neutrophils (Orla et al, 1992). Its effect on hydrogen peroxide and superoxide 
production due to the respiratory burst of neutrophils was investigated. It was shown 
that photoactivated MC540 had no effect on superoxide production in stimulated 
neutrophils. However, it was found that it had an inhibitory effect on hydrogen 
peroxide production. An attempt to define the exact mechanism by which 
photoactivated MC540 decreased hydrogen peroxide production was made. It was 
suggested that the 3 likely candidates of mode of action are superoxide dismutase 
which converts superoxide to hydrogen peroxide, catalase which converts hydrogen 
peroxide into water and molecular oxygen and myeloperoxidase which converts 
hydrogen peroxide to hypochlorous acid in the presence of halides. However, when 
the activity of the 3 enzymes thought to be potential candidates of action was 
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measured, all 3 activities of the enzymes remained virtually unchanged in the 
presence of photoactivated MC540. 
In the same study, the ability of the neutrophils to phagocytose bacteria was 
also investigated and was found that the drug does cause a slight decrease in ability to 
phagocytose bacteria compared with those that were not treated with photoactivated 
MC540. However, there was no difference in the ability to kill ingested 
microorganisms in cells treated with photoactivated MC540 and those without. 
A team attempted to develop a new method in which the requirement to 
simultaneously expose both the subject/ cells and MC540 to light is abolished. They 
showed that preactivated MC540 (pMC540) in which MC540 is exposed to light prior 
to use on the subject/ cells, is as effective on tumor cells as that in which the cells 
were subjected to photodynamic therapy. In addition, it was found that pMC540 had a 
significantly higher cytotoxicity (70-90%) against a variety of tumor cell lines than 
normal peripheral blood cells (<20%). Thus preactivation produces photoproducts 
that are no longer dependent on additional light energy to mediate their cytotoxicity 
(Gulliya et al, 1990a; Gulliya et al, 1990b). 
It was shown previously in a study that exposure of BSA to •OH or to •OH and 
O2- in the presence of oxygen causes a decrease in tryptophan fluorescence (Davies et 
al, 1987). When Pervaiz et al (1992) studied pMC540’s effect on a protein, bovine 
serum albumin (BSA), they found that pMC540 caused a loss of tryptophan 
florescence in BSA treated with pMC540. Thus it was suggested that the observation 
in BSA treated with pMC540 may be due to •OH or •OH and O2- generated by 
pMC540. 
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Through the preactivation of MC540, 3 pure compounds could be separated 
from this mixture using thin-layer chromatography (TLC), named C1 (15-20%) 
(Figure 2-6), C2 (15-20%) and C5 (60-70%) (Pervaiz et al, 1999a). Both the mixture 
pMC540, and either C1 or C2 separately, have been shown to induce apoptosis in 
tumor cell lines. Several substances such as TNFα, anti-IgM antibody and many 
anticancer drugs have been shown to cause generation of ROIs by target cells (Marie-
Véronique et al, 1999). It has been shown that low concentrations of H2O2 (<200mM) 
efficiently activated caspase 3 and induced apoptosis (Hampton et al, 1997). Thus it 
is suggested that the presence of ROIs in tumour cells causes them to undergo 
apoptosis. 
 
Figure 2-6 Chemical structure of C1, N,N’-Dibutyl-thio-4,5-imidazolindion. (M.W = 242). 
Modified from Fig. 1 in Pervaiz et al, 1999. 
C1 and C2 have been shown to induce caspase 8-dependent apoptosis in a 
variety of tumor cell lines. Both cause a release of cytochrome c from the 
mitochondria but C2’s release of cytochrome c is independent of mitochondrial 
permeability transition (MPT) pore opening and mitochondria swelling while C1 is 
dependent on MPT pore opening and mitochondria swelling. As mentioned earlier, 
physiological activation of caspase 8 is caused by the induction of death receptors 
such as CD95. However, C1 and C2 though both found to induce caspase 8 mediated 
apoptosis in tumor cell lines, were not found to upregulate CD95 or CD95L as anti-
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tumor activity was not decreased in the presence of anti-CD95 or anti-CD95L 
antibodies. This suggests that C1 or C2 did not activate caspase 8 through the 
induction of the death receptors but through the possibility of the generation of ROIs 
by C1 or C2. 
To further validate this observation, they also treated M14 melanoma cells 
with C1 or C2. M14 melanoma cells are known to lack 2 described death-inducing 
receptors, CD95 and TNFR. They found that the anti-tumor activities of C1 and C2 
on M14 melanoma cells were not diminished. This finding is rather novel as in most 
cases, caspase 8 mediated apoptosis in tumor cells is associated with death-inducing 
receptors. Pervaiz et al (1999b) in another study showed that the levels of O2- have an 
effect on drug-induced apoptosis. It was found that overexpression of superoxide 
dismutase in M14 melanoma cells exposed to pMC540 caused a decrease in 
concentration of O2- compared to normal M14 melanoma cells exposed to pMC540. 
This decrease in the levels of O2- led to a decrease in the percent of tumor cells 
undergoing apoptosis. Thus suggesting that the levels O2- mediate apoptosis in tumor 
cells. 
C5 on the other hand was unable to induce apoptosis in tumour cell lines even 
though it induces the release of mitochondria’s cytochrome c in tumor cells (Jayshree 
et al, 2000). Exposure of HL60 cells to C2 resulted in intracellular acidification while 
the same cells exposed to C5 did not show cause any significant change in pH 
(Jayshree et al, 2001). This seems to suggest that the difference seen in the ability to 
induce apoptosis using C2 or C5 in tumor cells is due to intracellular acidification due 
to C2 and not C5. It was investigated how C2 causes intracellular acidification in 
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tumor cells. It was found that C2 causes an increase in production of H2O2 in HL60 
cells after 4 hours of incubation. C5-treated cells on the other hand did not show an 
increase in H2O2 production. Intracellular acidification induced by H2O2 has been 
suggested to be due to the inhibition of the cytoplasmic membrane Na+/H+ exchanger 
in a variety of cells. 
The cytoplasmic membrane Na+/H+ exchanger is dependent on the presence of 
ATP for its activity. The increase in the amount of H2O2 in tumor cells caused by C2 
induced the activation of nuclear repair enzyme, poly-ADP-ribose polymerase 
(PARP), as H2O2 causes DNA strand breakage (Kirkland, 1991; Spragg, 1991). The 
activation of the PARP may thus cause a decrease in the amount of NAD+ which in 
turns lead to a decrease in ATP levels (Hu et al, 1998). Thus this decrease in the 
levels of ATP may inhibit the Na+/H+ exchanger causing the intracellular acidification 
seen in tumor cells treated with C2. 
It was also found that the increase in intracellular H2O2 levels is preceded by 
an increase in O2- levels. The two major sources of intracellular O2- are the 
membrane-bound NADPH oxidase (in phagocytes) and the mitochondrial electron 
transport chain. It was demonstrated that C2 causes an increase in O2- levels after 
incubation with purified mitochondria while C5 does not cause the same effect. The 
O2- generated by the mitochondria could then be converted by the mitochondrial 
superoxide dismutase to H2O2. 
Thus it would seem that preactivated MC540 (pMC540) and its purified 
components have the ability to increase the levels of ROIs (specifically O2- and H2O2) 
in tumor cells and it was suggested that this increase in ROIs levels caused the 
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induction of apoptosis in the tumor cells. It is thus interesting to investigate the 
effects of these preactivated products in PMNs to determine if these preactivated 
products can manipulate the levels of ROIs generated by PMNs during the respiratory 
burst. 
2.11 Nitric Oxide, Phagocytosis and ARDS 
Nitric oxide has been shown to play a dual role. It has been implicated in 
phagocyte killing mechanism but this observation is much clearer in mouse than in 
humans cells as previously mentioned. Currently, studies have been done using nitric 
oxide as a treatment for ARD but results vary from case to case. Pulmonary arterial 
hypertension contributes to the pathogenesis of ARDS and since nitric oxide can 
cause local vasodilation in the lung, it is thought to have therapeutic properties in 
ARDS cases. 
Although initial studies (Frostell et al, 1993; Gerlach et al, 1993; Roussaint et 
al, 1993) show that nitric oxide does indeed decrease pulmonary arterial pressures in 
ARDS cases, there has been evidence showing that administrating nitric oxide can 
actually cause more harm. In vivo during nitric oxide inhalation, there is a high level 
of nitric oxide and superoxide thus generating peroxynitrite (Freeman, 1994; Barry et 
al, 1999). The degradation of peroxynitrite to NO2+ and hydroxyl radical which is a 
very potent oxidant causes damage to the surfactant complex found in the lungs 
tissue, thus making nitric oxide treatment for ARDS somewhat a “Dr. Jekyll and Mr. 
Hyde” situation. 
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2.12 Dimethyl sulfoxide (DMSO) 
2.12.1 Clinical Uses 
Dimethy sulfoxide (DMSO) is widely used as a solvent and the Food and Drug 
Administration (FDA) does approve of its restricted use for medical purposes such as 
in the palliative treatment of interstitial cystitis. Its pharmacological actions includes 
membrane penetration, anti-inflammatory and local analgesic effects. When DMSO is 
use as a solvent in the drugs, the drugs retain their therapeutic activity and their 
properties over a long period of time (Martin et al, 1967). In addition, its use in 
dissolving some drugs such as insulin, antibiotics and corticoids have been shown to 
allow a lower dosage to be administered without reducing their therapeutic efficacy 
(Varma, 1987). However, there exists controversy in the use of DMSO clinically as 
well due to its carcinogenic effects (Darvaris, 1992). 
2.12.2 Effects on radicals 
It has been found that DMSO acts as a scavenger of hydroxyl radicals by 
forming a dimethyl sulfone and water (Hyland and Audair, 1981). In a study done by 
Kahler (2000), it was found that the presence of DMSO of less than 1% of total 
volume in experiments involving chemiluminescent studies does not significantly 
affect the results obtained. It was found that at concentrations of >4% causes a 
decrease in the amount of superoxide free radical produced by neutrophils after 
activation with opsonised zymosan. Similar results were obtained for other types of 
white blood cells such as lymphocytes, eosinophils, and monocytes. Thus it is 
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recommended that the concentration of DMSO in such experiments should not 
exceed 1%. 
2.13 Summary of aims and findings of project 
pMC540 has been shown to induce apoptosis of tumor cell lines and its 
individual components (C1, C2, C5) have been examined separately to determine 
possible mechanisms by which this phenomenon is mediated. It has been suggested 
that upregulation of mitochondrial superoxide and hydrogen peroxide production may 
be part of this process. 
The oxygen-dependent killing mechanism of human PMN generates large 
amount of superoxide and hydrogen peroxide. These moieties are potent microbicidal 
agents but they are also released from activated PMNs where they may cause tissue 
damage to the host. PMNs may produce suboptimal amounts of these substances, for 
example in conditions like CGD. There is thus interest in looking for different 
compounds which are able to upregulate or downregulate the PMN respiratory burst, 
depending on the clinical circumstances. Mitochondrial generation of reactive oxygen 
species is a byproduct of respiratory chain function, while PMNs use quite a different 
dedicated mechanism – initiated by assembly of the NADPH oxidase complex – to 
“deliberately” generate these potently microbicidal series of oxygen derivatives. 
Our initial hypothesis was that pMC540 and C1 might upregulate PMN ROI 
production, and in the first part of this project we preincubated ex vivo human PMNs 
with the compounds then quantitate the production of superoxide and hydrogen 
peroxide after activation of the cells. We discovered that hydrogen peroxide 
production was consistently downregulated by the parent mixture as well as the 
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purified component C1 and this guided further investigations into the mode of action. 
We also found that superoxide production was downregulated by C1 but no effect 
was found on release of this moiety when using the mixture, pMC540. 
We next investigated the effects of C1 on the NADPH oxidase complex and 
superoxide dismutase in cell-free extracts derived from human PMNs. C1 had a small 
but reproducible inhibitory effect on NADPH oxidase activity. It had no effect on 
total SOD activity or the cyanide-resistant (mitochondrial) fraction in cell sonicates. 
No effect was detected on SOD measured in situ in intact mitochondria from the same 
source. 
Finally we examined the effect of C1 on other PMN functions. No effect was 
found on viability. Also, no effect was noted on its ability to phagocytose 
staphylococci. A small but reproducible enhancement of bacterial killing was caused 
by C1. 
In summary, C1 causes a dose-dependent suppression of superoxide and 
hydrogen peroxide production by activated PMNs. Preservation of PMN viability 
suggests that C1 is not directly toxic to these cells. Treated PMNs showed normal 
phagocytic activity and a slight augmentation in bacterial killing. Therefore, C1 
shows promise as a lead compound in the development of drugs which may 
downregulate harmful levels of PMN respiratory burst activity in diseases like ARDS, 
without adversely affecting other physiological protective PMN functions. 
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Chapter 3 MATERIALS AND METHODS 
3.1 Materials Used 
Acetic Acid Glacial 100% (Merck 1.00063) 
Acetone (Merck Cat No: 14) 
Cuvette 1.5ml UV (PMMA 7591) 
Cytochrome C from Horse Heart (Sigma C7752) 
Coomasie Brilliant Blue (G250) 
D-(+)- Glucose (Sigma G-7528) 
Dextran (M.W = 160000) (Sigma D-4876) 
Dimethyl Sulphoxide (Sigma D-8418) 
Dulbecco A Phosphate Buffered Solution (Oxoid BR0014G) 
Ethidium Bromide (Sigma E-8751) 
Ethylenediamine tetra-acetic acid disodium salt (EDTA) (Sigma E5134) 
Fetal Calf Serum (Biochrom KG S0312) 
Flavine Adenine Dinucleotide (FAD) (Sigma F-6625) 
Fluorescein Diacetate (Sigma F-7378) 
Giemsa Stain (Merck 9204) 
Heparin Sodium Salt from Porcine Intestinal Mucosa (Sigma H-9399) 
Histopaque 1077-1 (Sigma Diagnostic Inc.) 
Histopaque 1119-1 (Sigma Diagnostic Inc.) 
Hydrogen Peroxide 30% H2O2 (Merck 1.07210) 
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Nicotinamide Adenine Dinucleotide Phosphate-Reduced Form Tetrasodium 
(β-NADPH) (Sigma N7505) 
Mitochondria Isolation Kit (Pierce 89874) 
Peroxidase, Type II: from horse radish (Sigma P8250) 
Phenol Red Sodium Salt (Sigma P-2417) 
Phenylmethylsulfonyl Fluoride (PMSF) (Sigma P7626) 
Potassium Cyanide (KCN) (J.T. Barker 0213) 
Sodium Azide (Sigma S-8032) 
Sodium Hydrogen pellets (BDH AnalaR) 
Triton X-100 (Merck) 
Trypan Blue (BDH) 
Xanthine (Sigma X-4002) 
Xanthine oxidase (Sigma X-1875) 
XTT sodium salt (2,3-Bis(2-methoxy-4nitro-5-sulfophenyl)-2H-tetrazolium-
5caroxanilide) (Sigma X-4626) 
Zymosan A from Sacchromyces cerevesiae (Sigma Z4250) 
3.2 Purification of WBC and Neutrophils (PMNs) 
40 ml of venous blood was taken using a 60 ml syringe with 200 µl of heparin 
(4000U/ml). Then 20 ml of PBS supplemented with Dextran (6 g Dextran/ 100 ml of 
Dulbecco’s Phosphate Buffered Saline A (PBS) was added to the blood and allowed 
to stand in a 37ºC incubator for 30-40 minutes. The plasma layer was then aspirated 
into a 50 ml centrifuge tube and centrifuged at 400g for 10 minutes. The supernatant 
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was removed and the pellet was resuspended in approximately 5 ml of PBS. This was 
then layered onto 10 ml of Histopaque 1119 and centrifuged at 220g for 10 minutes. 
After centrifugation, 3 distinct layers could be seen. The topmost layer 
contains the white blood cells, the middle layer contains the Histopaque 1119 and the 
bottom layer contains other cells. The top 2 layers were decanted into a fresh 50 ml 
centrifuge tube and were made up to 40 ml of PBS. This was then separated into 2 
equal parts and each part was made up again to 40 ml of PBS. These were then 
centrifuged at 400g for 5 minutes. The supernatant of each tube was then discarded 
and the pellets resuspended with approximately 5 ml of PBS and then pooled and 
made up with PBS to 40 ml. 
This was then centrifuged again at 400g for 5 minutes. The washing step was 
then repeated twice to remove as much of Histopaque 1119 as possible. After the 3rd 
wash, the pellet is resuspended again in about 5 ml of PBS and experiments using this 
cell suspension are quoted as “WBC preparation”. Then the cell suspension was 
layered onto 10 ml of Histoplaque 1077 carefully. This was then centrifuged at 400g 
for 30 minutes. The supernatant was discarded and the cell pellet was resuspended in 
approximately 5 ml of PBS and then topped up to 40 ml. 
This was centrifuged at 400g for 5 minutes. This is the washing step which 
would removeas much Histoplaque 1077 as possible. The washing step is repeated 
twice. After the 3rd wash, the pellet is resuspended in 5 ml of PBS. This suspension of 
cells contains a majority of neutrophils, typically >98% PMNs. Experiments using 
this method are quoted as “PMNs preparation”. 
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3.3 Counting of Cells 
The concentration of the cell suspension was then quantitated using a 
Improved Neubauer haemocytometer. 100 µl of cell suspension was added to 100 µl 
of 1% acetic acid and vortexed briefly in an Eppendorf tube. Then the mixture was 
loaded onto the haemocytometer and the number of cells was counted, and then the 
final concentration of the original cell suspension was diluted to 6102×  cells/ml. 
3.4 Resting of Cells 
After diluting the cells to the appropriate concentration in PBS, fetal calf serum 
was added to a final concentration of 1%. Then the cells were placed on a slow roller 
for 30minutes in a 37ºC warm room to allow the cells to recover physiological 
activity. 
3.5 Introduction of pMC540/C1 
pMC540/C1 was dissolved in DMSO at an initial concentration of 100mg/ml 
which was then diluted to the appropriate final concentrations stated in the 
experiments. In most experiments, pMC540/C1 was pre-incubated with the PMNs 
preparation for 30 minutes at 37°C unless otherwise stated. 
3.6 Preparation of Opsonized Zymosan 
To prepare opsonized zymosan, 12ml of non-heparinised venous blood was 
drawn and allowed to clot at 37°C for about 30 minutes. The serum is then carefully 
extracted and centrifuged at 590g for about 5 minutes. The supernatant (6ml) then 
added to 100mg of zymosan and vortex briefly and places on a slow roller at 37°C for 
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about an hour. After washing with PBS and centrifuged at 1490 g for 10 minutes, it 
was resuspended in 10ml of PBS and subsequently aliquoted in 1ml quantities and 
stored at -20°C. 
3.7 Hydrogen Peroxide Production Assay 
To perform the assay, 500 µl of cells pre-incubated with the appropriate drug 
as mentioned above, was added to 12.5 µl of phenol red (10 mg/ml), 12.5 µl of 
sodium azide (0.2M), 400 µl of PBS with glucose (PBSg) (0.99g of glucose/100 ml of 
PBS), 12.5 µl of horse radish peroxidase (5 mg/ml of PBSg), and 100 µl of zymosan 
in each 1.5 ml Eppendorf (W Krumholz et. al., 1993). The zero-time Eppendorfs were 
immediately placed on ice. The remaining Eppendorfs were placed on a fast roller in 
a 37ºC warm room and taken out at 15 minutes time intervals and placed onto ice 
(time-course experiments) or removed at 30minutes and placed onto ice (dose 
response experiments). 
Then all the Eppendorfs were centrifuged at 13000rpm for 5 minutes and the 
supernatants carefully removed into individual 1.5 ml plastic cuvettes. To each 
cuvette, 25 µl of 0.5M NaOH was added. Then the cuvettes containing the 
supernatant from the zero-time Eppendorfs were used to blank the spectrophotometer 
using a wavelength of 623nm. The ODs of the rest of the Eppendorfs were then 
recorded. 
The principle behind hydrogen peroxide assay is that in the presence of H2O2 
and horse radish peroxidase, phenol red is oxidised and in the presence of NaOH the 
product turns a deep purple. The addition of sodium azide to the assay is to prevent 
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the H2O2 produced by stimulated white blood cells/ neutrophils from being converted 
to HOCl by inhibiting the action of myeloperoxidase. 
3.8 Superoxide Production Assay 
To perform this assay, 550 µl of cell suspension pre-incubated with the 
appropriate drug was added to 275 µl of cytochrome c (3.3 mg/ml of PBSg), 165 µl 
of PBSg and 110 µl of zymosan in each 1.5 ml Eppendorf (W Krumholz et. al., 
1993). The zero-time Eppendorfs were immediately placed onto ice. The remaining 
Eppendorfs were placed on a fast roller in a 37ºC warm room and taken out at 15 
minutes time intervals and placed onto the ice (time-course experiments) or removed 
at half an hour and placed onto ice (dose response experiments). 
Then all the Eppendorfs were centrifuged at 13000rpm for 5 minutes and the 
supernatants carefully removed into individual 1.5 ml plastic cuvettes. Then the 
cuvettes containing the supernatant from the zero-time Eppendorfs were used to blank 
the spectrophotometer using a wavelength of 546nm. The ODs of the rest of the 
Eppendorfs were then recorded. 
The principle behind superoxide assay is that O2- which has an unpaired 
electron reduces cytochrome c and this causes an increase in OD at 546nm. 
3.9 PMN Viability Assay 
A stock solution of ethidium bromide of 1 mg/ml of PBS was prepared and 
stored at -20ºC. A stock solution of fluorescein diacetate of 10mg/ ml in acetone was 
prepared and stored at -20ºC. Before performing cell viability studies, 200 µl of the 
stock solution of ethidium bromide was added to 10ml of PBS to obtain a working 
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strength solution of 20 µg/ml and 30 µl of the stock solution of fluorescein diacetate 
was added to 10 ml of PBS to obtain a working strength solution of 30 µg/ml. 75 µl 
of the cell suspension pre-incubated with drugs was added to 12.5 µl of working 
strength ethidium bromide and 12.5 µl of working strength fluorescence diacetate. 
This was then vortexed briefly and allowed to stand for one minutes. 25 µl of 
the mixture was then placed on a microscope slide and a coverslip was placed on top. 
Then the slide was viewed under 200 x magnifications using an epifluorescene 
microscope. A total of 200 cells were counted. Dead cells appear red or orange in 
color while live cells appear greenish-yellow. The ratio of live cells to total cells 
counted was calculated and expressed as % viability. 
The principle of the assay is that in the case of live cells the cell membrane is 
intact and only allows fluorescein diacetate to enter the cell. Fluorescein diacetate 
would then be cleaved by nonspecific esterases found in the cells to fluorescein which 
appears green under epifluorescene microscope. However, in the case of dead cells, 
ethidium bromide is able to enter the cell as a result of the disruption to the cell 
membrane. Ethidium bromide stains the nucleus and would appear red under 
epifluorescene microscope. Dead cells with disrupted cytoplasmic membrane do not 
retain flurorescein. 
3.10 Extraction of NADPH oxidase from Neutrophils 
The extraction protocol was obtained from Markert M et al, 1984. Opsonized 
zymosan was prepared as above except that it is resuspended in HBSS containing 
2mM sodium azide at a concentration of 22.5mg/ml. 2ml of the above solution was 
added to PMNs preparation of 8105.15.0 ×−  cells/ml which has been suspended in 
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Ca2+/Mg2+ free HBSS. This mixture was allowed to incubate for 7 mins at 37°C with 
shaking and 4ml of ice-cold HBSS was added to stop the reaction. Then it was 
centrifuged at 160g for 5 min at 4°C and resuspended in 6ml of ice-cold 0.34M 
sucrose with 0.5mM phenylmethylsulfonyl fluoride (PMSF) solution. Then it was 
sonicated at 14 amplitudes for 3 20sec bursts with 1 minute rest interval. 
After sonication, it was centrifuged at 160g for 5mins at 4°C to remove 
zymosan, nuclei and unbroken cells. The supernatant was collected from above and 
ultra-centrifuged at 27000g for 30mins at 4°C. Finally, the resulting high-speed pellet 
is resuspended in sucrose solution at 1-2mg protein/ml (using Bradford Assay to 
estimate the amount of protein). 
3.11 Bradford Protein Assay 
100mg Coomassie Brilliant Blue is dissolved in 50 ml 95% ethanol. 100ml 85% 
(w/v) phosphoric acid is added and the resulting mixture is made up with deionised 
water to 1000ml (this constitute the stock solution of Bradford reagent). 0.1ml of 
protein sample was added to 1ml of Bradford reagent and mixed well and allowed to 
stand for 5 minutes. The absorbance was then read at a wavelength of 595nm against 
a reagent blank. 
3.12 Extraction of Superoxide Dismutase from Neutrophils 
PMNs preparation was sonicated at 14 amplitudes for three 20sec bursts with 1 
minute rest intervals. 0.2% Triton X-100 was then added to sonicate. This constitutes 
the crude superoxide dismutase extract. 
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3.13 Cyanide-inhibitable fraction of superoxide dismutase 
extract 
In some experiments, cyanide of final concentration of 1mM was added to the 
crude superoxide dismutase extract to inhibit the cytoplasmic Cu/Zn superoxide 
dismutase. 
3.14 Extraction of Mitochondria 
Extraction of intact mitochondria was done using a commercial kit 
“Mitochondria Isolation Kit” from Pierce which consists of Reagent A, B and C 
(“Instructions – Mitochondria Isolation Kit, dtd 11/2003). The isolation of intact 
mitochondria by the commercial kit involves detergent lysis of membranes of cells. 
PMNs that have been preincubated with C1 or DMSO were spun down at 850g for 2 
minutes. Pellet is then resuspended is resuspended in 800µl Reagent A which has 
been supplemented with 0.5mM PMSF. This was then vortexed at medium speed for 
5 seconds and then place on ice for exactly 2 minutes. 10µl Reagent B was added and 
the mixture was vortex at maximum speed for 5 seconds. 
Then this was placed on ice for 5 minutes with vortexing at maximum speed 
every 1 minute. 800µl Reagent C which is supplemented with 0.5mM PMSF was then 
added and the tube was inverted several times to mix. This was then centrifuge at 
700g for 10 minutes at 4°C. The supernatant was transferred to a new tube and 
centrifuge at 3000g for 15 minutes at 4°C. Then the supernatant was discarded and 
the pellet resuspended in 500 µl Reagent C supplemented with 0.5mM PMSF and 
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centrifuge at 12000g for 5 minutes at 4°C. The pellet is finally resuspended in PBS 
and place on ice prior to assays. 
3.15 Assay of NADPH oxidase Activity 
0.2ml of FAD, NADPH, Triton-X-100 and Cytochrome c each were added to 
1ml of HBSS and allowed to come to room temperature (Markert M et al, 1984). 
0.2ml of NADPH oxidase extract was added to the above mixture and immediately, 1 
ml of the above is transferred to a tube (reference tube) containing 10µl of SOD 
(10mg/ml). The 2 tubes were then incubated in the dark for 7 minutes. 10µl of SOD 
(10mg/ml) is then added to the remaining tube (reaction tube). OD was recorded for 
the reaction tube at the wavelength of 550nm against the reference tube as the blank. 
The amount of superoxide free radical generated in the reaction tube can then be 
calculated using the formulae below: 
O2-(nmol) = nm550OD7.47 ×  
Figure 3-1 Equation used in the calculation of superoxide free radical produced in the assay 
system. 
The principle of the assay is that in the presence of NADPH, the extracted 
NADPH oxidase will cause the reduction of molecular oxygen to that of superoxide 
free radical by the transfer of the electron from NADPH to the molecular oxygen. The 
superoxide free radical formed will then cause cytochrome c to be reduced and cause 
a color change that can be detected at an OD of 550nm. The addition of the SOD to 
the assay is to quench the reaction in the reference tube (control) from time zero, and 
the experimental tube at the end of the reaction period, as SOD is added in excess. 
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3.16 Assay of Superoxide Dismutase Activity 
0.1 ml of 3mM xanthine, 3mM EDTA, 0.75mM XTT each were added to 2.5 
ml 50mM phosphate buffer (pH 8.4) (Hiroyuki U. et. al., 1997). Either 0.1 ml of 
water, superoxide dismutase from bovine erythrocytes (10µg/ml) or extracted 
superoxide dismutase was added to the above mixture. Finally 0.1ml of Xanthine 
oxidase (56.1mU/ml) is added to the above and incubated up to an hour at room 
temperature. At various time points, the OD was read at 470nm. Again the amount of 
protein from the crude extract was calculated using the Bradford assay. 
The principle of the assay is that xanthine oxidase will produce superoxide free 
radicals in the presence of xanthine. The superoxide free radicals produced will then 
be detected by XTT by oxidizing XTT to a colored compound which can then be read 
at an OD of 470nm. However, in the presence of SOD, the SOD will compete with 
the XTT for the superoxide free radicals and as a result lesser amount of superoxide 
free radicals will be available to convert XTT to a coloured compound. This results in 
a decrease in the OD reading at 470nm. 
3.17 Opsonisation of Staphylococcus aureus 
An overnight culture of Staphylococcus aureus (NCTC 6571) was resuspended 
in 5ml PBS until a McFarland standard of 0.5 was obtained. This gives an 
approximate concentration of 1x108 bacteria/ml. 1 ml of this bacteria suspension was 
added to 1ml of fresh human serum and incubated for 30min at 37°C. Then it was 
centrifuged at 5000rpm for 10 minutes and the cell pellet was resuspended in 5 ml of 
PBS. This was again centrifuged at 5000 rpm for 10 minutes. This constitutes the 
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washing step and was repeated once more. The final cell pellet was then resuspended 
in 1ml of PBS. Then it was diluted to the appropriate working concentration of 
bacteria as required. 
3.18 Phagocytosis Assay 
A ratio of approximately 5 bacteria to 1 PMN was chosen for the phagocytosis 
assay. The opsonised Staph. aureus from above was diluted to give the ratio and 
equal volumes of the diluted bacteria was added to equal volumes of PMNs 
preparation. This was then allowed to be incubated for 10min at 37°C after gentle 
mixing. Immediately after, it was placed on ice and then diluted 4 times with ice-cold 
PBS. A cytospin was performed using 150µl of the diluted cell/bacteria suspension at 
550rpm for 5min. Then the slide containing the cell/bacteria smear was dried on heat-
block and then fixed with methanol for 5 mins. Finally it was stained with Giemsa 
stain for 45min and then washed to remove excess stain. The slide was allowed to dry 
overnight on a heat-block. Then it was viewed under oil-immersion light microscopy 
and 200 PMNs were counted. The number of PMNs out of the 200 that contain 
phagocytosed bacteria was noted. This was then expressed as the phagocytic index in 
percentage. 
3.19 Killing Assay 
Opsonised bacteria was added to PMNs and incubated for 15 minutes to allow 
for phagocytosis to occur and then gentamicin (5µg/ml) is added to the mixture and 
the start of the killing assay incubation time begins. The mixture is incubated for up 
to 2 hours and at regular intervals samples were taken out and placed on ice. Upon 
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which, the sample is centrifuged at 13000rpm for 5minutes and the pellet was 
resuspended in 1 ml ice-cold PBS and then centrifuged and washed twice at 
13000rpm for 5 minutes to remove any remaining gentamicin. The resulting pellet 
was resuspended in 1ml ice-cold sterile distilled water and vortex briefly and allowed 
to stand on ice for 5 minutes. This suspension was diluted to 10-6 in 10-fold 
increments. Miles and Mistra was performed using 20µl of the diluted mixture. This 
was added onto nutrient agar plate and was repeated 4 times. These plates were then 
incubated at 37°C overnight and the number of colonies were counted the next day 
and expressed as cfu/ml. 
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Chapter 4 RESULTS AND DISCUSSION 
For all experiments, DMSO was used as a control as DMSO is used to dissolve 
our compounds of interest (pMC540/C1). We also ensure that at all times, the 
concentration of DMSO is kept to 0.1% which is considerably lower than that 
suggested (<1%) in Section 2.10.2 to prevent effects on ROIs generation. 
4.1  Whole Cells: Hydrogen Peroxide Assay Results 
Each of the concentrations of pMC540 or C1 was done in triplicates in each of 
the hydrogen peroxide assays. All error bars of graphs represent standard deviation of 
3 OD readings of the same experiment unless otherwise indicated. All % inhibition 
concentration graphs were plotted using the best-fit straight line using Microsoft 
Excel XP. 
4.1.1 Unfractionated white blood cells and pMC540 
Figure 4-1 shows a typical experimental graph of OD against time for 
hydrogen peroxide assay using white blood cells and 3 different concentrations of 
pMC540 (0µg/ml, 10µg/ml and 100µg/ml) over a 60 minute time interval for subject 
1. The graph shows that for each concentration, as the time progresses the OD reading 
at 623nm increases. It also demonstrates that as the preincubation concentration of 
pMC540 increases, the OD reading at each time point decreases. 
Figure 4-2 shows a typical experimental graph of OD against concentrations 
of pMC540 for hydrogen peroxide assay using white blood cells and 6 concentrations 
of pMC540 (0µg/ml, 10µg/ml, 20µg/ml, 40µg/ml, 60µg/ml, 80µg/ml and 100µg/ml) 
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after a fixed time, 30 minute incubation for subject 1. The graph shows that as the 
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Figure 4-3 % inhibition graph with concentrations of pMC540 plotted on a logarithmic scale and the % inhibition on a linear scale. (50% inhibition 
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Figure 4-5 % inhibition graph for pMC540 on purified neutrophils for hydrogen peroxide assay. (50 % inhibition concentration is 20.1µg/ml). (Subject 
1) 
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4.1.2 50% inhibition concentration of pMC540 using 
unfractionnated white blood cells 
Figure 4-3 shows a standard (“dose- response”) pharmacological plot in which 
concentration of pMC540 is plotted on a logarithm scale and the % inhibition is 
plotted on a linear scale for subject 1. To obtain % inhibition values, the respective 
OD readings from each concentration of drugs were subtracted from the highest OD 
reading in that set of experiment and then converted to percentage. The 50% 
inhibition concentration of pMC540 using white blood cells on hydrogen peroxide 
assay determined from this plot is 23.5µg/ml. 
4.1.3 Purified neutrophils and pMC540 
Fig. 4-4 shows a typical experimental graph of OD against concentrations of 
pMC540 for hydrogen peroxide assay using purified neutrophils. 6 concentrations of 
pMC540 were used in this experiment - (0µg/ml, 10µg/ml, 20µg/ml, 40µg/ml, 
60µg/ml, 80µg/ml and 100µg/ml) for subject 1. As the concentration of pMC540 
increases, the OD reading at 623nm decreases. 
4.1.4 50% inhibition concentration of pMC540 using purified 
neutrophils 
Fig. 4-5 shows a typical experimental %inhibition concentration graph of 
pMC540 on purified neutrophils for subject 1. The 50% inhibition concentration was 
determined to be 20.1µg/ml. 
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4.1.5 Unfractionated white blood cells and C1 
Figure 4-6 shows a typical experimental graph of hydrogen peroxide 
production over 60 minutes with various concentrations of C1 (0µg/ml, 3µg/ml, 
10µg/ml, 30µg/ml and 100µg/ml) for subject 1. For each concentration of C1, there is 
a increase in the OD reading as time passes. Comparing the OD reading of each 
concentration of C1 for each time point, we found that there is a corresponding 
decrease in the OD as the concentration of C1 increases. 
Figure 4-7 shows a typical experimental graph of OD against concentrations 
of C1 (0µg/ml, 3µg/ml, 10µg/ml, 30µg/ml and 100µg/ml) for subject 1. As the 
concentration of C1 increases, the OD reading at 623nm decreases which corresponds 
to a decreasing amount of hydrogen peroxide produced. 
4.1.6 Purified neutrophils and C1 
Figure 4-8 shows a typical experimental graph of OD against concentration of 
C1 (0µg/ml, 10µg/ml, 15µg/ml, 20µg/ml, 40µg/ml and 50µg/ml) for subject 1 derived 
from data in Fig. 4.8. As the concentration of C1 increases, there is a decrease in the 
OD reading at 623nm. 
4.1.7 50% inhibition concentration of C1 using purified neutrophils 
Figure 4-9 is a typical experimental % inhibition concentration of C1 using 
purified neutrophils graph for subject 1. It shows that the 50% inhibition 
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Figure 4-6 Hydrogen peroxide generation by unfractionated white blood cells after preincubation with different concentrations of C1: time-course 
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Figure 4-7 Hydrogen peroxide generation at 30mins by unfractionated white blood cells after preincubation with different concentrations of C1: fixed 
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Figure 4-9 % inhibition concentration of C1 on purified neutrophils for hydrogen peroxide assay. (50% inhibition concentration is 23.5µg/ml)
MANIPULATION OF POLYMORPHONUCLEAR NEUTROPHIL RESPIRATORY BURST 
RESULTS AND DISCUSSION 
61 
4.2 Whole Cells: Superoxide Assay Results 
For each of the concentrations of pMC540 used on white blood cells, sets of 5 
were performed in the superoxide assay. For each concentration of pMC540/ C1 used 
on neutrophils, triplicates were performed for each set of superoxide assay. 3 human 
subjects comprising of 1 middle-aged male Caucasian (Subject 1) and 2 male Chinese 
adults (Subject 2 and 3 respectively), were used in all hydrogen peroxide assay 
experiments. 
4.2.1 Superoxide Assay without pMC540/ C1 using stimulated 
WBC 
Figure 4-10 shows a typical experimental graph of OD against time for 
stimulated white blood cells in the absence of pMC540/ C1 for subject 1. This shows 
that as the time of activation increases, the amount of superoxide formed through 
respiratory burst of neutrophils increases linearly over 60 minutes. 
4.2.2 Superoxide Assay using stimulated WBC with pMC540 
Figure 4-11 shows a typical experimental graph of OD against concentration 
of pMC540 added to stimulated white blood cells after fixed time, (30 minute) 
incubation. 3 concentrations of pMC540 were used namely, 0µg/ml, 10µg/ml, 
100µg/ml for subject 1. The OD readings at 546nm for 10µg/ml and 100µg/ml 
compared to 0µg/ml of pMC540 were the same. There is no effect of pMC540 on 
production of superoxide by WBC. 
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4.2.3 Superoxide Assay using stimulated WBC with C1 
Figure 4-12 is a typical experimental graph showing OD against concentration 
of C1 added to stimulated white blood cells after a fixed-time, 30 minute incubation 
for subject 1. 5 concentrations of C1 were used (0µg/ml, 10µg/ml, 30µg/ml, 50µg/ml 
and 100µg/ml). As the concentration of C1 increases, the OD reading at 546nm 
decreases. 
4.2.4 50% inhibition concentration of C1 using white blood cells 
Figure 4-13 shows a typical experimental % inhibition graph of C1 on white 
blood cells for subject 1. The 50% inhibition concentration of C1 on white blood cells 
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Figure 4-11 Superoxide production at 30mins by WBC preincubated with various concentrations of pMC540. Error bars denotes standard deviations of 
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Figure 4-13 % inhibition concentration graph of C1 on stimulated WBC. (50% inhibition concentration of C1 on WBC is 62µg/ml).
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4.2.5 Superoxide Assay using stimulated purified neutrophils 
(PMNs) with C1 
Figure 4-14 is a typical experimental graph of OD against concentration of C1 
added to purified neutrophils. 6 concentrations of C1 were used (0µg/ml, 10µg/ml, 
30µg/ml, 50µg/ml, 70µg/ml and 100µg/ml) for subject 2. As the concentration of C1 
increases, the OD reading at 546nm decreases. 
4.2.6 50% inhibition of C1 on purified neutrophils (PMNs) 
Figure 4-15 is a typical experimental graph of % inhibition concentration of 
C1 on purified neutrophils for subject 2. The 50% inhibition concentration of C1 on 





MANIPULATION OF POLYMORPHONUCLEAR NEUTROPHIL RESPIRATORY BURST 
RESULTS AND DISCUSSION 
68 








0 10 20 30 40 50 60 70 80 90 100


















MANIPULATION OF POLYMORPHONUCLEAR NEUTROPHIL RESPIRATORY BURST 
RESULTS AND DISCUSSION 
69 



























Figure 4-15 % inhibition concentration of C1 on purified neutrophils. (50% inhibition concentration of C1 on purified neutrophils is about 40µg/ml).
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4.3 Whole Cells: Summary of Effects of C1 on Intact PMNs 
Table 4.1 summarizes the results of fourteen individual experiments performed 
on 3 different individuals. The 50% inhibition concentrations of C1 on hydrogen 
peroxide or superoxide release by purified PMNs’ was determined in each individual 
experiments. Within each experiment, various concentrations of C1 were examined, 
each concentration in triplicates, as shown in the representative data previously. 
As shown in the summary table below, the mean 50% inhibition concentration 
of C1 for the production of hydrogen peroxide is approximately half of those of 
superoxide production. 
C1 
 O2- H2O2 




Subject 2 64.6µg/ml, 
58.1µg/ml 
29.0µg/ml, 30.0µg/ml 
Subject 3 47.2µg/ml, 
49.8µg/ml  
24.6µg/ml, 26.8µg/ml 
Mean ± SD 
(all subjects) 
48.6±9.0µg/ml 25.8±2.6µg/ml 
Table 4-1 50% inhibition concentrations of C1 for O2- and H2O2 production in intact cells. 
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4.4 Subcellular Results: NADPH oxidase 
Having shown that C1 has an effect on the respiratory burst of neutrophils, we 
next examined the mode of action of C1 on the respiratory burst of the cells by 
extracting 2 enzymes involved in the process – NADPH oxidase and SOD. 
4.4.1 Quantitation of protein using Bradford Assay 
To measure the amount of proteins from the extraction of NADPH oxidase 
from PMN, we use the Bradford assay. We have performed a standard curve as 
shown in Appendix A-1 for the Bradford assay with BSA and this was used 
subsequently to quantitate the amount of proteins. 
4.4.2 Initial Experiments: NADPH oxidase Activity 
In the initial experiments, the amount of NADPH oxidase extracted was only 
sufficient to performed single readings and thus there is a large variability in the 
results obtained. In some experiments, C1 seems to cause a decrease in the activity of 
the enzyme while in other experiments C1 seems to have a apparent stimulatory 
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Extract w/DMSO (Ctrl) Extract w/100µg/ml C1 % Inhibition 
30.66 12.21 60.2 
12.49 0.85 93.2 
31.27 26.88 14.0 
15.22 15.62 -2.6* 
17.92 13.02 27.3 
34.17 36.70 -1.0* 
40.40 41.67 -3.1* 
Table 4-2 Replicated experiments of % inhibition of activity of NADPH oxidase due to C1. 
(Subject 1). * denotes that there is an apparent stimulation of the activity of the enzyme in the 
presence of C1. 
4.4.3 Miniaturized Assay: NADPH oxidase Activity 
In order to minimize the variability between experiments, we decided to 
miniaturize the assay in order to perform triplicates in each experiment. 
Miniaturization is necessary as the amount of enzyme that could be extracted in each 
enzyme is not sufficient to perform triplicates in the published assay method (1ml 
cuvettes). In the miniaturized assay system, 200µl of the assay mixture was added 
into each well of a 96-well ELISA plate and the OD read using a TECAN Sunrise 
Magellan ELISA Reader  at 550nm. 
Upon miniaturization, it was found that C1 has a small but reproducible effect 
on the specific activity of the extracted NADPH oxidase as shown in Table 4-3. 
However, there may be a possibility that C1 may have been removed during the 
enzyme extraction process and thus another set of experiments were performed in 
which the concentration of C1 was maintained throughout the extraction process as 
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well as during the assay itself. Again, we see a small but reproducible effect on the 
activity of the extracted enzyme in the presence of C1. We repeated all experiments 
in 2 other individuals and similar results were obtained as shown in Table 4-4. 





1 24.92±3.23 23.31±3.81 6.5 
1 21.45±2.95 19.89±2.52 7.3 
1 27.09±4.03 25.46±4.34 6.0 
2 19.81±2.42 18.73±2.19 5.5 
2 22.54±3.34 21.37±3.17 5.2 
3 25.39±3.76 23.91±3.36 5.8 
3 20.56±2.96 19.24±2.64 6.4 
Table 4-3 Specific activities of extracted NADPH oxidase and % inhibition in the presence of 
100µg/ml C1 for 3 individuals. 





1 18.76±2.68 17.32±2.82 7.7 
1 20.53±3.02 19.31±2.76 5.9 
1 21.84±3.24 20.68±3.15 5.3 
2 25.43±3.38 23.86±3.12 6.2 
2 21.91±2.92 20.31±3.05 7.3 
3 23.62±3.11 22.06±3.05 6.6 
3 20.28±2.85 19.05±2.72 6.1 
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Table 4-4 Specific activities of extracted NADPH oxidase and % inhibition in the presence of 
100µg/ml C1 for 3 individuals. (Concentrations of C1/DMSO maintained throughout extraction 
and assay) 
4.5 Subcellular Results: Activity of extracted SOD 
4.5.1 Validation of SOD Activity Assay 
In order to show that the assay system response to the presence of SOD in a 
concentration-dependent manner, an experiment was performed using commercial 
bovine erythrocyte SOD at concentrations of 5µg/ml, 10µg/ml, 15µg/ml and 20 
µg/ml. Figure 4-16 shows that as time progress, there is an increase in the OD which 
corresponds to an increase in the amount of superoxide produced by the assay system. 
However, when SOD is added to the assay system, there is a decrease in the OD 
reading. This shows that the assay system is able to respond to the presence of SOD.  
Also, as we increase the concentration of SOD added to the assay system, we 
noted that there is an increasing decrease in the OD at each time point. This show that 
the assay system can detect the amount of SOD in the system is a concentration-
dependent manner. The % inhibition graph of such an experiment was then plotted 
using OD readings at the 30 minute time point as shown in Figure 4-17. As shown, 
the %inhibition of the assay system increases as the concentration of SOD increases 
up to 20µg/ml in an approximately linear fashion. 
4.5.2 Use of PMSF to eliminate interference by proteases 
An experiment was also performed to ensure that the extracted SOD from the 
sonicated PMNs were not degraded by endogenous proteases released during the 
sonication process. Thus to a portion of the PMNs preparation, phenylmethylsulfonyl 
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flouride (PMSF) was added to it and the activity of extracted SOD with PMSF was 
compared to that of those without PMSF. In addition, we wanted to ensure that the 
extract alone does not interfere with the assay system. Thus we performed the assay 
system with the extract but without xanthine oxidase or XTT. The results are shown 
in Figure 4-18. 
As shown, the addition of PMSF causes no change in the SOD activity in the 
extract. In addition, in the absence of xanthine oxidase, the extract does not cause any 
detectable OD. The same is true for that in which XTT is omitted in the assay system. 
This shows that the extract itself does not cause any false increase in OD. 
Furthermore, it shows that 10µg/ml of bovine erythrocytes SOD cause approximately 
50% inhibition in the assay. 
We also show that the extract cause about 30% inhibition to the assay system 
thus showing that our extract contains SOD activity. To ensure that the extract does 
not contain any components that may inhibit SOD, we mix the extract with the bovine 
erythrocyte SOD (10µg/ml) to the assay system and found that this caused a simple 
additive effect in the SOD activities of each measured alone and again, the addition of 
PMSF did not change the combined activity. Thus we conclude that there is no loss of 
SOD activity by released proteases in extracts, and there is no endogenous inhibitor 
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Ctrl 5µg/ml SOD 10µg/ml SOD 15µg/ml SOD 20µg/ml SOD
 
Figure 4-16 Establishment of the validity of the SOD assay system. Different amounts of commercial SOD were added to the assay mix and the OD 
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Ctrl Extract w/o XO Extract w/o XTT
10µg/ml SOD Extract with PMSF Extract
Extract w 10µg/ml SOD Extract w 10µg/ml SOD + PMSF
 
Figure 4-18 Effects of PMSF on extracted SOD on the generation of superoxide generation measured by XTT reduction.  
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4.5.3 Optimisation of SOD extraction protocol 
First we wanted to ensure that our sonication cycles have released most of the 
SOD from our cells. Figure 4-19 showed that 3 cycles of sonication is sufficient to 
release most of the SOD from the cells. In another set of experiments, the effects of 
adding 0.2% Triton X-100 or 0.1mM EDTA to PMN sonicate or commercially 
purified SOD were examined. Neither agent affected the activity of the pure enzyme 
and neither agent increased the activity of PMN sonicates. Hence this showed that no 
latent membrane-bound SOD was present, and that no heavy metals inhibition of 
activity was apparent which would have been removed by the chelator. 
In another set of experiments, we used unfractionated white blood cells 
(WBC) instead of purified PMNs. Again we wanted to ensure that we have released 
majority of the SOD in cells by the addition of Triton X-100. In addition, we wanted 
to confirm that the addition of Triton X-100 and EDTA does not cause any effect on 
the assay system itself. The results of these experiments are shown in Figure 4-21. 
The results showed that the addition of concentrations of Triton X-100 of up to 1% 
did not significantly increase the activity of the WBC sonicates. Thus far, we have 
optimized the assay to use 0.2% Triton X-100 and 0.1mM EDTA and sonicate the 
cells for 3 cycles. 
4.5.4 Effects of C1: Preincubated with PMN and maintained 
throughout assay 
In Figure 4-22, we pre-incubated the PMN and bovine erythrocytes SOD with 
0.1%DMSO or 100µg/ml C1 for 30 mins at 37°C. The PMN is then sonicated 
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according to optimized protocol and the concentration of C1/DMSO was maintained 
throughout the assay. This experiment would show whether there is any effect of C1 
on the extracted SOD from WBC. The results showed that the addition of C1 to the 
PMN extract did not cause any significant effect on the activity of the extracted SOD. 
In addition, we also showed that C1 does not seem to have any effect on the bovine 
erythrocyte SOD. Furthermore, the presence of C1 or DMSO did not cause any 
significant change to the OD readings for the controls which does not contain any 
SOD at all. This shows that DMSO or C1 does not affect the superoxide free radical 
generation system itself. Also, addition of DMSO to extracted SOD or bovine 
erythrocyte SOD does not cause any significant change to the OD reading as 
compared to the individual enzymes alone. Representative data from 2 other 
individuals are found in Appendix Figure A-2 and A-3. 
4.5.5 Effects of C1 incubation temperature on SOD Activity 
Next we wanted to test whether temperature has any effect on the activity of 
the extracted SOD itself. PMNs were preinubated with DMSO/C1 prior to optimized 
extraction procedure. We incubated the extracted SOD at 4°C and 37°C for 30 mins 
prior to the start of the assay with 0.1% DMSO or 100µg/ml C1. Similar treatments 
were done to bovine erythrocyte SOD and to the control which contains just PBS. 
Again, the concentrations of DMSO/C1 were maintained throughout the assay 
system. In Figure 4-23, we showed that there is no difference in the activities of SOD 
whether the extracted SOD, bovine erythrocyte SOD or controls were incubated with 
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PBS Extract 10µg/ml SOD PBS/Triton/SOD EDTA/Triton/SOD
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Ctrl Ctrl w/ DMSO Ctrl w/ 100µg/ml C1
10µg/ml SOD 10µg/ml SOD w/ DMSO 10µg/ml SOD w/ 100µg/ml C1
WBC WBC w/ DMSO WBC w/ 100µg/ml C1
 
Figure 4-23 Effects of incubation temperature of C1 on activity of SOD.
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Also, we again found that there is no significant effect of C1 on the extracted 
SOD or the bovine erythrocyte SOD at both incubation temperatures as shown in 
Figure 4-24 and Figure 4-25.  
4.5.6 Effects of KCN on SOD 
As mentioned previously, there are two isoenzymes of SOD present in 
mammalian cells. Thus to investigate whether C1 has any effect on the cyanide-
resistant fraction of SOD (mitochondrial SOD), we added KCN to the extracted SOD 
to inhibit the activity of the cytoplasmic fraction of SOD. We first determine the 
concentration of KCN required to inhibit of the activity of cytoplasmic SOD by 
performing a KCN calibration with bovine erythrocyte SOD which only consists of 
cytoplasmic SOD as shown in Figure 4-26. As the concentration of KCN increases, 
the activity of bovine erythrocyte SOD decreases. In Figure 4-27, is the % inhibition 
graph plotted using the experimental data from the above experiments taken at 30 
mins. This showed that at 1mM KCN over 90% of the activity of cytoplasmic SOD 
from bovine erythrocytes was inhibited and that at concentration of 0.8mM of KCN 
and above the % inhibition remains almost constant. Thus for all subsequent 
experiments using KCN to inhibit the activity of cytoplasmic SOD, 1mM KCN were 
used. 
Then we added KCN to the extracted SOD and performed similar experiments 
as shown in Figure 4-28. We found that the addition of KCN to our extract inhibited 
the activity of out extract by approximately 50%. We also found that the addition of 
KCN to the bovine erythrocyte SOD caused a 100% inhibition to its activity. This 
corresponds with the fact that bovine erythrocyte SOD contains only the cyanide-
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inhibitable isoform of SOD. Furthermore, we added KCN to the assay system itself to 
ensure the KCN does not affect the superoxide free radical generation system itself. 
Our results of the extract confirm that our extract contains approximately 50% 
cyanide-inhibitable isoform and 50% of cyanide-resistant isoform of SOD. 
We then look at whether C1 has any effect on the cyanide-resistant isoenzyme 
of SOD as shown in Figure 4-29. In this set of experiments, the concentrations of 
DMSO/C1 were maintained throughout the assay procedure. The result shows that the 
bovine erythrocytes SOD is completely inhibited by the addition of KCN. The extract 
also shows that there is a cyanide resistant fraction. We also found that the cyanide 
resistant isoenzyme of extracted SOD is not affect by the presence of 100µg/ml C1 
which is maintained throughout the assay. Representative data of this experiment 
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Figure 4-29 Effects of C1 on activity of cyanide resistant fraction of SOD. (Subject 1) 
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To further validate that the cyanide-resistant isoform of SOD is not affected 
by the presence of C1, we proceed to extract intact mitochondria from PMNs. The 
cyanide-resistant isoform of SOD can be found in the mitochondria of PMNs. The 
result of such experiments is shown in Figure 4-30 and we found an apparent 
decrease in activity of the SOD from intact mitochondria in the presence of 100µg/ml 
C1. However, upon taking into consideration of the amount of proteins, we found that 
the ratios of the specific activities between DMSO (control) and 100µg/ml C1 to be 
0.969. This shows that there is no effect of C1 on the specific activity of SOD from 
intact mitochondria. We repeated similar experiments with the concentration of 
DMSO and C1 maintained throughout the extraction as well as during the assay itself. 
Similar results were obtained. Representative data of 2 other individuals can be found 
in Appendix Figure A-6 and Figure A-7. 
4.6 Other PMNs Functions 
From our whole cells and subcellular results, we decided to investigate whether 
C1 has any effect on other PMNs functions.  
4.6.1 PMN Viability and Total Cell Count for Prolonged Incubation 
with C1 
PMN viability was determined at the end of each intact cell experiment and 
was found to be consistently 93-98%. A separate cell viability together with total cell 
count assay was performed by incubating stimulated and non-stimulated neutrophils 
with 3 concentrations of C1 (0µg/ml, 10µg/ml 100µg/ml) for up to 3 hours after 
adding of C1 as shown in Figure 4-31 using subject 1’s blood. Total cell count was 
MANIPULATION OF POLYMORPHONUCLEAR NEUTROPHIL RESPIRATORY BURST 
RESULTS AND DISCUSSION 
95 
determined as described in cell counting in Methods and Materials. It was found that 
in all cases, total cell count remain at approximately 6102× cells/ml. 
4.6.2 Phagocytosis 
One of the functions we looked at is the ability of PMNs to phagocytose 
opsonised Staphylococcus aureus. Figure 4-32 shows one such experiment in which 
the ability of the PMNs to phagocytose in the presence of C1 is examined. As shown, 
there is no effect on the ability of PMNs to phagocytose opsonised bacteria in the 
presence of C1 even up to a concentration of 100µg/ml. Such experiments were 
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Figure 4-31 % Phagocytosis of opsonised S.aureus by PMNs preincubated with C1. (Subject 1)
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4.6.3 Bacterial Killing 
The other function we looked at was the ability of PMNs to kill opsonised S. 
aureus in the presence of C1. Figure 4-33 shows one such experiment in which the 
bacterial killing ability of PMNs is examined. The results shows that there is a slight 
augmentation to the killing ability of PMNs in the presence of 100µg/ml C1 as noted 
by the lower cfu/ml as compared to the control. Such experiments were repeated in 2 
other individuals and similar results were obtained (Appendix Figure A-10, A-11). 
This slight augmentation in killing could have been due to a direct effect of 
C1 on opsonised bacteria. Hence we look at the growth curve of opsonised S. aureus 
which is incubated with C1 as shown in Figure 4-34. From the results obtained, we 
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Figure 4-33 Growth curev of opsonised bacteria in the presence of C1.
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4.7 Summary and Discussion 
Looking at our intact cell experiments, we found that pMC540 has a profound 
inhibitory effect on the production of hydrogen peroxide during the respiratory burst 
of PMNs. However, we found no effect on the production of superoxide by PMNs 
with the same compound. These observations are consistent with the findings 
previously mentioned in Section 2.10 in which the effect of photoactivated MC540 
was investigated. We thus proceeded to investigate the effects of C1, one of the 
purified components from pMC540, on the respiratory burst of PMNs. We again 
found a profound inhibitory effect on the production of hydrogen peroxide by C1 on 
the respiratory burst of PMNs. But we also found an inhibitory effect on the 
superoxide production by the respiratory burst of PMNs. 
This discrepancy of results between pMC540 and C1 could be due to the fact 
that pMC540 is a mixture of 3 compounds. Thus the other 2 pure compounds found in 
the mixture could have increased production of superoxide and negated or balanced 
the inhibitory effect seen only in the pure compound C1. Another hypothesis may 
also be suggested: as the structures of the other 2 compounds in the mixture are 
similar to C1, they may block C1’s access to its site(s) of action, in other words acting 
as analogue inhibitors of the action of C1. However, as we do not have access to the 
other 2 pure compounds and are therefore unable to test these hypotheses at this point 
in time. 
We also noted that the 50% inhibitory concentrations of C1 on the production 
of hydrogen peroxide were consistently lower than those of the production of 
superoxide. This shows that the effect of C1 on the production of ROIs by the 
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respiratory burst of PMNs is more profound in the case of hydrogen peroxide than 
those of the superoxide. Thus from these intact cells results, we hypothesize that C1 
may have an effect on either NADPH oxidase enzyme complex and/or superoxide 
dismutase. In addition, we hypothesize from the results of the 50% inhibition 
concentrations of C1 is higher for superoxide production than those for hydrogen 
peroxide production, that C1 may primarily act on superoxide dismutase. 
We then examined the effect of C1 on the 2 enzymes mentioned above in cell-
free systems to investigate mode of action. We found that C1 caused a small but 
reproducible inhibition to the specific activity of NADPH oxidase of 5-7%. However, 
we did not find any effect of 100µg/ml C1 being maintained throughout the assay on 
the specific activity of extracted SOD – either the cytoplasmic and mitochondria 
fraction. As previously mentioned in the study in Section 2.10, the activities of the 
NADPH oxidase and SOD also remain virtually unchanged in the presence of 
photoactivated MC540. From our study of C1, we did find a small but reproducible 
change in the activity of the NADPH oxidase. 
Although we hypothesized that SOD could the primary target of action by C1, 
we found that C1 had no effect on purified SOD. One reason could be that the 
purified SOD could be lacking in some co-factors or coenzymes and that C1 acted on 
these co-factors or enzymes. Indeed it was found that co-factors if missing can affect 
the activity of SOD (Tracey et al, 2001). In the whole cell experiments, such co-
factor(s) would be present and thus C1 could have acted on those co-factor(s) and 
thus exhibited the decrease in the activity of intact SOD. However, in our purified 
SOD experiments, such co-factor(s) could be missing as a result of the purification 
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process by dissociation and/or could be diluted out. Intracellular enzymes may be 
present in multi-enzyme complexes or in membrane-associated forms which are 
disrupted during the process of cell breakage. In other words, we hypothesise that 
SOD in the cell may be present in a form which is inhibited by C1, but that cell 
fractionation may release an enzymatically active fragment which is no longer 
inhibitable by C1, either because it has lost certain cofactors or because it is no longer 
present in a multi-enzyme complex or membrane-associated form. We attempted to 
answer this question by examining SOD activity in intact isolated mitochondria, but 
again no effect of C1 could be demonstrated 
It is also possible that C1 could have affected the expression levels of SOD thus 
affecting the maximum activity of the enzyme but not its kinetic properties.  
Then we looked at other functions of PMNs and determine if C1 has any effects 
on them. We first looked at whether C1 is toxic to PMNs by looking at the PMNs 
viability and found that there is no loss in viability in PMNs that have been incubated 
with 100 µg/ml C1 for up to 1 hour. We next examined the PMNs’ ability to 
phagocytose opsonised bacteria and found that C1 had no effect. Finally, we 
investigated the ability of PMNs to kill opsonised bacteria; there was a slight 
augmentation to the PMNs ability to kill opsonised bacteria in the presence of 
100µg/ml C1. 
Taking all our results into account, we have identified a compound which can 
selectively switch off the respiratory burst of PMNs while having no effect on cell 
viability or ability to phagocytose. Paradoxically, we found that PMNs ability to kill 
bacteria is slightly augmented in the presence of 100µg/ml C1. We did find that there 
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is a small inhibition to the specific activity of NADPH oxidase enzyme and this 
seems to confirm our hypothesis that C1 have an effect on the enzyme complex. 
However, we did not find any effect on the extracted SOD even though from our 
intact cell studies we hypothesize that SOD could be the primary target of C1. 
Although we only found a slight inhibition to the specific activity of NADPH 
oxidase enzyme, we cannot exclude the possibility that in normal intact physiological 
conditions, the effect of C1 on the specific activity of NADPH oxidase enzyme 
complex could be larger as we have remove the enzyme complex from its normal 
physiological environment. 
Even though at this stage we can unable to truly determine the exact mode of 
action of C1 on the respiratory burst, our findings seem to suggest that C1 does act on 
NADPH oxidase enzyme complex as demonstrated by the consistently observed 
though small inhibition from the cell-free system studies. Again the complex is 
formed in a membrane-associated form in the intact cell, and we cannot be sure that 
the extracted form is inhibited to the same degree that may be occurring in intact 
cells. As to whether C1 has any effect on intracellular SOD in native form, further 
studies need to be done. 
 
A unifying hypothesis may be suggested. It is possible that in the intact PMN, 
activation of the NADPH oxidase complex at the cell membrane is accompanied by 
the addition of SOD, and this could alter the kinetic properties of both elements 
including action of C1. There are no published data to support such a hypothesis but it 
is theoretically attractive as such an assembly would favour “substrate channelling”. 
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Loose but presumably functional assemblies of the glycolytic enzymes have been 
reported in high protein concentration conditions, although the enzymes in this 
complex become separated during standard protocols involving cell breakage and 
dilution. 
            4.7.1 Future Directions 
                       From these results, we can possibly further investigate the effects of C1 in an 
                   animal model of sepsis, such as the caecal puncture/peritonitis mouse model. In vitro 
                   perfusion studies of isolated rabbit lungs have been used to demonstrate the harmful 
                   effects of activated PMNs on this tissue and have demonstrated a central role for 
                   ROIs in this process; it would be interesting to repeat these experiments to examine 
                   the effect of preincubating PMNs with C1 before activation and perfusion into the 
                   lungs. In addition, to determine whether C1 has any effect on the expression levels of 
                   SOD, we could do real-time PCR on the expression levels of SOD, and also 
                   determine the absolute activity of SOD in extracts from control and C1-treated 
                   PMNs.  
 
                          It is possible to examine the kinetic properties of enzymes in situ by 
                        permeabilising the cytoplasmic membrane of cells with low concentrations of mild 
                       detergents. This would allow us to examine the effects of C1 on NADPH oxidase and 
                       SOD in more physiological conditions, although the effects of membrane 
                        permeabilisation on the assembly of the NADPH oxidase complex at the cytoplasmic 
                        membrane would have to be carefully examined in appropriate controls. 
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Our long term aim would be the synthesis of derivatives of C1 in which its 
effects are retained or even enhanced and its toxicity reduced. In other words, C1 is a 
promising lead compound that could be further developed to produce new drugs 
which could be use in conditions such as ARDS where cell damage is mediated by 
release of ROIs from activated PMNs. Our data demonstrate that C1 has no adverse 
effects on bacterial phagocytosis or killing and there is a reasonable probability that 
derivatives of C1 will be capable of a selective inhibition of ROI synthesis without 
compromising the overall immune defences of the patient against infection, 
particularly as wide spectrum antibiotics in regular use can to an extent supplement 
the natural killing activities of PMNs.
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The following pages in the appendix are representative data of different subjects 
on the effects of C1 on total SOD activity extracted from PMNs, cyanide-resistant 
fraction of SOD activity, SOD activity from extracted intact mitochondrial, % 
phagocytosis of opsonised S. aureus by PMNs and the ability to kill opsonised S. 
aureus. Included is the Bradford protein assay calibration graph which is used to 
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Figure A-11 Killing curve of opsonised bacteria by PMNs in the presence of C1. Representative data from Subject 3. 
